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ABSTRACT 
This thesis is a small addition to the coordination 
chemistry of metal chelates with multidentate ligands- The 
syntheses and characterization of number of macrocyclic ligands 
and the i r transition metal complexes is descr ibed, and the mode 
of coordination behaviour of central metal ion(s) is proposed 
on the basis of available consistent spectroscopic and physico-
chemical da ta . Attempts have been made to study the novel 
transit ion-transit ion and transition-nontransition bimetallic sa l t s . 
Rare-earth t r ivalent ions have been interacted in aqueous 
solution with a biologically important molecule (phytic acid) and 
a hexaaza-macrocyclic ligand. Latter ' s complexes of trivalent 
lanthanide ni trates have also been synthesized and studied. In 
continuation of dithiocarbamate chemistry, syntheses and 
characterization of stable eight-membered ring complexes of 
methylenebis(piperidinedithiocarbamate) with Group IV metals is 
descr ibed. Herein the introductory Chapter I embodies a 
succinct account of the past works described in l i terature and 
present objectives of undertaking the studies of the above 
subject (s) . 
Chapter II includes a direct reaction of t r ie thylenetetra-
mine and d ie thy l oxalate in DMF in a 1:1 ratio resulting in the 
formation of a 12-membered tetraaza-macrocycle t r ie thylenetetra-
mine oxamide (L ) . A condensation reaction of triethylenetetramine 
11 
and die thyl oxalate in the presence of divalent hydra ted metal 
chlorides ( of Cu(II), Ni(XI), Co(II) , Mn(II) and Cd(II)) and ZnCl 
in absolute methanol in an equimolar ra t io (1:1:1) yields ionic 
12-membered macrocyclic complexes.^ The resul ts show that two 
water molecules are bound to the central metal ion (Cu(n) , 
Ni ( l l ) , Co(II) , Mn(II) and Cd(II)) resulting in an octahedral 
environment while zinc maintains a te t rahedra l geometry for 
being free from water. The i . r . spectral bands show that the 
two C=0 groups of the oxalate species do not part icipate in 
coordination. The slight decrease in V(C=0) suggest bonding of 
the nitrogen of the amide group to the metal ion. The complexes 
decompose on dissolution in DMSO. Also a 16-membered tetraaza-
macrocycle, tetrabenzo-[ 1,6 ,9,14]tetraazacyclohexadecan[ 2,5,10,13]-
2 
tetraone (L ) has been synthesized by the reaction of 
1,2-diaminobenzene and phthalic acid in dioxane, and 
characterized by various spectroscopic and physico-chemical 
2 2 
methods. The complexes of the type [CoL C1]C1, [CuL Cl„ ] and 
2 [ NiL CI- ] were obtained by the interaction of the ligand with 
the corresponding divalent metal ch lor ides . Studies reveal the 
2 [CoL CI]CI complex being a low-spin square pyramidal, while 
2 2 
[CuL Cl„ ] and [NiL CI-] exist in an octahedral geometry. The 
electrochemical studies confirm the formation of a reversible 
copper(II) ::;:^ copper(I) redox couple for [CuL ci ]» whereas 
i r revers ib le reduction cobalt(II)—^ cobalt (I) is exhibited by the 
i i l 
2 
tCoL C1]C1 complex in DMSO. These results are the contribution 
of the large cavity size of the macrocyclic ligand L . 
Chapter III presents the phenomena of stabilization of an 
2-
MCl^  moiety (M = copper, nickel , cobalt , manganese, zinc, 
cadmium, and mercury) by bis(ethylenediamine)copper(II) cation 
and halide abstraction abi l i ty of Sn(IV) from bis(die thylene-
triamine)copper(11) dichlor ide. New ionic bimetallic complexes of 
the type [Cu(en)2llMCl^], (U = Cu(l l ) , Ni ( l l ) , Co(Il) , Mn(II), 
Zn(II), Cd(II) and Hg(II)) have been prepared by reacting 
bis(ethylenediamine)copper(II) dichloride (1 mol) with the 
respective dichlorides (1 mol) in absolute alcohol. Elemental 
analyses, conductivity and magnetic susceptibili ty measurements, 
and spectroscopic data (such as i - r . , UV-Vis and e . p . r . ) 
confirm that the compounds are 2:2 electrolytes in MeOH and 
that the copper (11) ion is paramagnetic, maintaining its square 
planar geometry while metal ions in the anionic moiety of the 
complexes achieve their omnipresent tetrahedral environment. An 
increase in magnetic moment values has been observed in the 
complexes [ Cu(en)„ ] [CuCl. ] , [Cu(en)„] [NiCl. ] and [Cu(en)_ ][CoCl. ] 
which is significantly attributed to the ferromagnetic effect and 
TIP. Novel salts of the type lCu(dien)2HBu SnCl^ ] , lCu(dien)2l 
[Ph^SnClJ, [Cu(dien)^][SnCL], [ Cu(dien)„ ] [SnBr .CI ] and 
1 Cu(dien)-1 SnI .CI ] prepared by reacting [Cu(dien)_lCl^ wi th 
Bu- SnCl, Ph_SnCl , SnCl. , SnBr, and SnI. in MeOH in a 1:1 ra t io , 
I V 
respect ively, were characterized by elemental analyses, 
electronic, i . r . and e . p . r . spectroscopy, magnetic susceptibility 
and conductivity measurements. The resul ts of these studies 
reveal that the compounds are 2:2 electrolytes , and copper(II) 
ion is paramagnetic in an octahedral f ield. The magnetic moment 
value suggests that tin(IV) does not interact with the unpaired 
electron of copper(II) and therefore ferromagnetic or 
antiferromagnetic effects are ruled out. 
Chapter IV describes (the investigation of interaction 
between phytic acid and trivalent rare earth metal ions, v i z . , 
Ce(III), P r ( I I I ) , Nd(III), Sm(III), Gd(III), Tb(III) , Dy(III) and 
Hodll) potentiometrically at 25°C in aqueous NaClO^ and KCIO^ 
media (u = 0.1 M NaClO, and 0.1 M KCIO^, respec t ive ly) . The 
proton-ligand stabil i ty constants (pK ) of phytic acid and the 
stabil i ty constants (logK) of metal complexes have been 
evaluated. The results indicate that eight protons of phytic acid 
are highly acidic, two are weakly acidic and two very weakly 
acid, ; t i t rable in the pH ranges 1.2-4.9, 5.0-8.15 and 8.3-11.0. 
respect ively , in NaClO. medium. The stabil i ty of each phytic 
acid-lanthanide ion complex decreases with an increase in the 
pH and follows the usual trend through the se r ies . This 
chapter also deals with the coordiantion behaviour of trivalent 
lanthanide nitrates of cerium, praseodymium, neodymium, 
gadolinium, terbium and dysprosium towards a :^t5hbitf"-^a6e 
T^570 
3 
hexaaza-macrocyclic ligand L derived from benzil and diethylene-
triamine. The template syntheses of the complexes of the type 
3 
[LnL (N02)][N02]2 (Ln = lanthanide ion) in methanol was achieved 
and their characterization by elemental analyses, conductivity 
and magnetic moment measurements, electronic and i . r . spectro-
scopic methods reveal that the complexes are 1:2 electrolytes. 
Results also indicate that one nitrate group is coordinated to the 
lanthanide metal ion while the other two form the anionic part 
of the complexes, and the 4f electrons do not participate in 
bond formation in these complexes. The solution studies of this 
3 
ligand (L ) were also performed in NaClO. and KCIO^ media 
3 (u = 0.1 M). Results reveal the dibasic behaviour (H„L ) of the 
ligand and forms 1:1 complexes with trivalent lanthanide 
chlorides in both the media. 
Finally the miscellaneous Chapter V embodies (the 
3 4 5 
preparation of three macrocyclic ligands L , L and L and their 
transition metal complexes.^ New 18- and 12-membered 
3 4 
macrocycles L and L have been prepared from the reaction of 
diethylenetriamine or 1,2-diaminobenzene, respect ively , with 
benzil in 1:1 ratio in MeOH. ' They were characterized by 
elemental analyses, spectroscopy and molecular weight data. 
3 4 
The macrocycles L and L react with CuCl^ in MeOH to give 
3 4 
octahedral complexes [CuL Cl^] and [CuL C I - ] , respect ively . C.V, 
studies indicate a revers ib le redox couple (Cu(II) ^ ^ Cu(I) E° = 
vl 
-0.48 V) for the complex [CuL^Cl^] in DMSO, while [CUL'^CI^] 
shows no electrochemical activity* Another novel double-ring 
5 
macrocyclic ligand L has been synthesized by a condensation 
reaction of oxamide-N,N'-diacetic acid (H L) with diethylenetr i -
amine in absolute alcohol in a 1:2 ra t io . Its copper( II) , 
nickel(II) and cobalt(Il) complexes have been prepared and 
characterized* The results indicate that the complexes are 
non-electrolytes and each metal ion with a spin-free state is 
surrounded by an octahedral configuration. The high magnetic 
moment values observed have been attributed to a ferromagnetic 
effect* This chapter also describes the syntheses of new 
compounds of the type MCl.L , R^SnL Cl^. R^SnL CI and R^SnL 
M = Si, Ge, Sn, Ti and Zr; L = methylenebis(piperidinedithiocar-
bamat e and R = phenyl) . The results indicate the coordination 
of the two terminal sulphur atoms (C=S) to the metal resulting 
in the formation of eight-membered ring complexes. ( An 
octahedral geometry has been proposed for the Group IV metal 
in which the chlorines are adopting cis-configuration* j 
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ABSTRACT 
This thesis is a small addition to the coordination 
chemistry of metal chelates with multidentate ligands. The 
syntheses and characterization of number of macrocyclic ligands 
and the i r transition metal complexes is descr ibed , and the mode 
of coordination behaviour of central metal ion(s) is proposed 
on the basis of available consistent spectroscopic and physico-
chemical da ta . Attempts have been made to study the novel 
transit ion-transit ion and transition-nontransition bimetallic sa l ts . 
Rare-earth t r ivalent ions have been interacted in aqueous 
solution with a biologically important molecule (phytic acid) and 
a hexaaza-macrocyclic ligand* La t t e r ' s complexes of trivalent 
lanthanide nitrates have also been synthesized and studied. In 
continuation of dithiocarbamate chemistry, syntheses and 
characterization of stable eight-membered ring com.plexes of 
methylenebis(piperidinedithiocarbamate) with Group IV metals is 
described- Herein the introductory Chapter I embodies a 
succinct account of the past works described in l i terature and 
present objectives of undertaking the studies of the above 
subjec t (s ) . 
Chapter II includes a direct reaction of t r iethylenetetra-
mine and die thyl oxalate in DMF in a 1:1 rat io resulting in the 
formation of a 12-membered tetraaza-macrocycle t r iethylenetetra-
mine oxamide (L ) . A condensation reaction of triethylenetetramine 
11 
and die thyl oxalate in the presence of divalent hydrated metal 
chlorides ( of Cu(II), Ni(II), Co(II) , Mn(II) and Cd(II)) and ZnCl^ 
in absolute methanol in an equimolar ra t io (1:1:1) yields ionic 
12-membered macrocyclic complexes- The resul ts show that two 
water molecules are bound to the central metal ion (Cu(II), 
Ni(II) , Co(II) , Mn(II) and Cd(II)) resulting in an octahedral 
environment while zinc maintains a te t rahedra l geometry for 
being free from water. The i . r . spectral bands show that the 
two C=0 groups of the oxalato species do not part icipate in 
coordination. The slight decrease in y(C=0) suggest bonding of 
the nitrogen of the amide group to the metal ion. The complexes 
decompose on dissolution in DMSO. Also a 16-membered tetraaza-
macrocycle, tetrabenzo-[ 1,6 ,9,14]tetraa2acyclohexadecan[2 ,5,10,13]-
tetraone (L ) has been synthesized by the reaction of 
1,2-diaminobenzene and phthalic acid in dioxane, and 
characterized by various spectroscopic and physico-chemical 
2 2 
methods- The complexes of the type [CoL C1]C1, [CuL Cl^ ] and 
2 [NIL Cl„ ] were obtained by the interaction of the ligand with 
the corresponding divalent metal ch lor ides . Studies reveal the 
2 [CoL C1]C1 complex being a low-spin square pyramidal , while 
2 2 
[CuL Cl^ ] and [ NiL CU ] exist in an octahedral geometry. The 
electrochemical studies confirm the formation of a reversible 
copper(II) -^^ copper(I) redox couple for [CuL^ci^I» whereas 
i r revers ib le reduction cobalt(II)-^^ cobalt(I) is exhibited by the 
i n 
2 [CoL C1]C1 complex in DMSO. These resul ts are the contribution 
2 
of the large cavity size of the macrocyclic ligand L . 
Chapter III presents the phenomena of stabilization of an 
2-
MCl. moiety (M = copper, nickel , cobalt , manganese, zinc, 
cadmium, and mercury) by bis(ethylenediamine)copper( II) cation 
and hal ide abstraction abi l i ty of Sn(IV) from bis(die thylene-
tr iamine)copper(II) d ichlor ide . New ionic bimetallic complexes of 
the type [CuCen)^ ] [MCl^], (M = Cu(II), Ni(II) , Co(II) . Mn(II), 
Zn(II), Cd(II) and Hg(II)) have been prepared by reacting 
bis(ethylenediamine)copper(II) dichloride (1 mol) with the 
respective dichlor ides (1 mol) in absolute alcohol- Elemental 
analyses, conductivity and magnetic susceptibi l i ty measurements, 
and spectroscopic data (such as i . r . , UV-Vis and e . p . r , ) 
confirm tha t the compounds are 2:2 electrolytes in MeOH and 
that the copper(II) ion is paramagnetic, maintaining i t s square 
planar geometry while metal ions in the anionic moiety of the 
complexes achieve their omnipresent te t rahedral environment. An 
increase in magnetic moment values has been observed in the 
complexes [ Cu(en)2 1 [CuCl^] , [CuCen)^ ] [NiCl^] and [Cu(en)2 ] [CoCl ] 
which is significantly attributed to the ferromagnetic effect and 
TIP, Novel sal ts of the type [CuCdien)^] [Bu SnCl ] , [Cu(dien) 1 
[Ph SnCl^] , [Cu(dien)2][SnCl^], [ Cu(dien)2 ] [SnBr^Cl ] and 
[ Cu(dien)^[ SnI .CI ] prepared by reacting [Cu(dien)_ ]C1_ wi th 
Bu-SnCl, Ph^SnCl„, SnCl. , SnBr. and SnI. in MeOH in a 1:1 ra t io , 
I V 
respec t ive ly , were characterized by elemental analyses, 
electronic, i . r - and e . p - r . spectroscopy, magnetic susceptibil i ty 
and conductivity measurements* The resul ts of these studies 
reveal that the compounds are 2:2 e lect rolytes , and copper (n) 
ion is paramagnetic in an octahedral f ield. The magnetic moment 
value suggests that tin(IV) does not interact with the unpaired 
electron of copper(II) and therefore ferromagnetic or 
antiferromagnetic effects are ruled out. 
Chapter IV describes the investigation of interaction 
between phyt ic acid and tr ivalent rare earth metal ions, v i z . , 
Ce(III) , P r ( I I I ) , Nd(III) , Sm(III), Gd(III), Tb(II I ) , Dy(III) and 
Ho(III) potentiometrically at 25°C in aqueous NaClO^ and KCIO. 
media (u = 0.1 M NaClO^ and 0.1 M KCIO^, respec t ive ly) . The 
proton-ligand s tabi l i ty constants (pK ) of phytic acid and the 
stabil i ty constants (logK) of metal complexes have been 
evaluated. The resul ts indicate that eight protons of phytic acid 
are highly ac idic , two are weakly acidic and two very weakly 
acid, t i t r ab l e in the pH ranges 1.2-4.9, 5.0-8.15 and 8.3-11.0, 
respec t ive lv , in NaClO. medium. The s tabi l i ty of each phytic 
acid-lanthanide ion complex decreases with an increase in the 
pH and follows the usual trend through the ser ies . This 
chapter also deals with the coordiantion behaviour of trivalent 
lanthanide nitrates of cerium, praseodymium, neodymium, 
gadolinium, terbium and dysprosium towards a Schiff-base 
3 
hexaaza-macrocyclic ligand L der ived from benzil and diethylene-
triamine. The template syntheses of the complexes of the type 
3 [LnL (N0„)][N0^]2 (Ln = lanthanide ion) in methanol was achieved 
and their characterization by elemental analyses, conductivity 
and magnetic moment measurements, electronic and i . r . spectro-
scopic methods reveal that the complexes are 1:2 electrolytes. 
Results also indicate that one nitrate group is coordinated to the 
lanthanide metal ion while the other two form the anionic part 
of the complexes, and the 4f electrons do not part icipate in 
bond formation in these complexes. The solution studies of this 
3 
ligand (L ) were also performed in NaClO. and KCIO media 
3 (u = 0.1 M). Results reveal the dibasic behaviour (H^L ) of the 
ligand and forms 1:1 complexes with tr ivalent lanthanide 
chlorides in both the media. 
Finally the miscellaneous Chapter V embodies the 
3 4 5 
preparation of three macrocyclic ligands L , L and L and their 
transition metal complexes. New 18- and 12-membered 
3 4 
macrocycles L and L have been prepared from the reaction of 
diethylenetriamine or 1,2-diaminobenzene, respect ive ly , with 
benzil in 1:1 rat io in MeOH. They were characterized by 
elemental analyses, spectroscopy and molecular weight data. 
3 4 
The macrocycles L and L react with CuCl- in MeOH to give 
3 4 
octahedral complexes [CuL CI-] and [CuL Cl„ ] , respect ive ly . C.V. 
studies indicate a revers ible redox couple (Cu(n) ^ ^ Cu(I) E° = 
V I 
-0.48 V) for the complex [CuL^CL] in DMSO, while [CuL^Cl ] 
shows no electrochemical ac t iv i ty . Another novel double-ring 
macrocyclic ligand L has been synthesized by a condensation 
reaction of oxamide-N,N'-diacetic acid (H L) with die thylenetr i -
amine in absolute alcohol in a 1:2 ra t io . Its copper(I I ) , 
nickel(II) and cobalt(II) complexes have been prepared and 
character ized. The resul ts indicate that the complexes are 
non-electrolytes and each metal ion with a spin-free state is 
surrounded by an octahedral configuration. The high magnetic 
moment values observed have been attributed to a ferromagnetic 
effect. This chapter also describes the syntheses of new 
compounds of the type MCl^L , R^SnL Cl^, R^SnL CI and R.SnL 
M = Si, Ge, Sn, Ti and Zr; L = methylenebis(piperidinedithiocar-
bamate and R = phenyl) . The resul ts indicate the coordination 
of the two terminal sulphur atoms (C=S) to the metal resulting 
in the formation of eight-membered ring complexes. An 
octahedral geometry has been proposed for the Group IV metal 
in which the chlorines are adopting cis-configuration. 
• I "^ •^^ MiiiWii:^ 11 
INTRODUCTION 
INTRCM^UCTION 
Describing the full historical survey of 
coordination chemistry which encompasses a great divers i ty 
of substances and phenomena is beyond the limits of 
(1-5) th i s chapter , but it can be quoted that G.B. Kauffman 
has contributed to th is regard through his publications 
reviewing the pre-Werner theories and post-Werner develop-
ments in a chronological order . Although coordination 
chemistry comprises a large body of current research in 
inorganic chemistry, i t s t i l l presents stimulating theoretical 
and practical challenges to an inorganic chemist. The 
rap id ly developing realm of bioinorganic chemitry is based 
on the presence of coordination compounds in living 
systems. Many substances in vivo behave as multidentate 
ligands containing numerous donor sites and act as metal 
ion ca r r i e r s on complexation. For example, many enzymes 
act as catalyst in the biological systems which control 
the synthesis and degradation of biologically important 
molecules, and predominantly depend upon a metal ion for 
the i r ac t iv i ty . Among the metals, molybdenum which 
achieved prominence only recently , has at tracted interest 
chiefly because of i t s role in biological processes and 
also because it shows a great variety of oxidation states 
and coordination numbers. Also, the complexes of technetium 
(7) 
have received an interest because of the i r use in nuclear 
medicine. The newer types of compounds, mainly 
coordination compounds, which have received a vast study 
are catalyt ical ly important (with the i r ease of oxidative 
addition and reductive elimination), the phthalocyanines, 
macrocycles, crown e thers , metal-metal bonded compounds 
(metal c lus t e r s ) , and the complexes in which hydrogen, 
ethylene, organic phosphines and carbon monoxide behave 
as l igands . A highly comprehensive volume has been 
devoted to the application of several coordination 
compounds in various fields of pract ical importance to 
mankind. 
The coordination complexes of a wide variety 
of Schiff-base ligands have been extensively studied and 
reviewed ''. The current interest lies in synthesis of 
multidentate ligands because of their abi l i ty to form mono-
and b i s - spec ies , yielding complexes with different structural 
features , The metal derivat ive of these ligands have 
drawn substantial attention from the researchers for their 
v.- 1 • 1 ^. •.• ( 2 3 - 2 6 ) . 
biological act ivi t ies , for example most of the NS- or (27-29) ONS- donor containing ligands have been found to 
possess the biological ac t iv i ty . Schiff-base ligands have 
also been derived from sulpha drugs and their 
coordination chemistry studied" . The molecules of life 
such as amino acids have been exploited for the synthesis 
of Schiff-base ligands and their transition metal 
(39-62^ complexes . Further interest in these coordination 
compounds stems from the proposed existence of similar 
bimetallic s i tes in several copper enzymes concerned with 
oxygen t ranspor t , storage and r eac t iv i ty , and a search 
for synthetic analogues of binuclear copper (II) system to 
mimic type III proteins resul ted in the synthesis and study 
of a large number of systems . Metal complexes of 
o-hydroxyarylideneaminoacids and hydrazones , a 
model for the mechanism of aminoxidase inhibition and 
binuclear Pd(II) and Ni(II) complexes with NNS donor sites 
have been reported . The observation that complexes of 
Schiff-bases with transition metals can function as neutral 
, T J ( 6 9 - 7 1 ) u 1 J X n . 
donor l igands has led to s e v e r a l inves t iga t ions of 
{77—7A ^ 
t h e i r r eac t ion with t in containing Lewis ac ids leading 
to t h e formation of a d d u c t s . Very r e c e n t l y , replacement 
of one c h l o r i d e from t h e s e a d d u c t s by a h y d r o x y l or 
(77) 
a l k o x i d e ion h a s been demonst ra ted 
Macrocyclic and macropolycyc l ic molecules d i sp lay 
unique and exc i t ing c h e m i s t r i e s due to t h e i r function as 
r e c e p t o r s for s u b s t r a t e s of wide ly dif fer ing phys i ca l and 
chemica l p r o p e r t i e s and upon complexat ion can d r a s t i c a l l y 
a l t e r t h e s e p r o p e r t i e s . Se lec t ive s u b s t r a t e r ecogn i t ion , 
s t a b l e complex formation, t r a n s p o r t c a p a b i l i t i e s , c a t a l y s i s 
and des ign ing of molecular magnets a r e examples of t he 
wide r ang ing p r o p e r t i e s of t he se molecules . The des ign 
and s y n t h e s i s of macrocycles i s a cu r r en t domain of 
r e s e a r c h due to t he importance and e s t ab l i shmen t of t h e i r 
(78—87^ 
coord ina t ion c h e m i s t r y . The mul t iden ta te macrocycles 
^ . (88-93) give r i s e to un ique , r a t h e r c r y p t i c , geometr ies on 
complexat ion with metal i o n s . The c h e m i s t r y of syn the t i c 
macrocyc l i c l igands can be d i v i d e d into t h r e e broad 
d i v i s i o n s - F i r s t l y t h e r e a r e t he cyc l i c p o l y e t h e r s of t he 
(94-96) 
' c r o w n ' t y p e of which (1) i s a t yp i ca l example . The 
.0 0. 
0 a 
(1) 
< ^ s 
l '^ 
second ca t ego ry of the macrocycl ic l igands incorpora tes 
the s y n t h e t i c r ing sys tems containing donor atoms o ther 
than oxygen , t he majori ty of such l igands contain nitrogen 
donor atoms, although some incorporating sulphur as well 
as phosphorus donors are also known. Typically such 
ligands form strange complexes with transit ion metal ions» 
structures (2)^*^'^\ (3)^*^^^ and (4)^ * "^^ ^ i l l u s t r a t e early 
examples of th is category. In last few yea r s , a great deal 
of interest has been devoted to macrocyclic receptors 
containing in their framework both oxygen and nitrogen 
donor atoms ' \ the following examples (5) and (6) 
represent this category. 
6) 
Another category of polydentate macrocycles 
includes the poiycyclic 'cages ' which completely 
encapsulate the metal ion on coordination. It is worthwhile 
to consider why macrocyclic ligands often yield complexes 
which show unusual propert ies (compared with similar 
complexes of re la ted open-chain l igands). There are three 
main considerations: F i r s t ly , on complexe formation, it 
is apparent that geometrical factors arising from the cyclic 
nature of the ligands often impose additional constraints 
on the positions of the donor atoms. As a reflection of 
these constraints , macrocyclic ligand complexes contain 
unusual metal-donor atom bond distances, unusual bond 
angles, or grossly strained chelate-ring conformations are 
all known. A few worthquoting examples of the complexes 
possessing unusual coordination geometries have been long 
back reported ' . Secondly, if the cyclic ligand 
is fully conjugated and incorporates (4n+2)7X electrons, then 
enhanced electron delocalization and ligand s tabi l i ty are 
character is t ic of the resulting Hiickel aromatic system. 
Third ly , cyclic ligand complexes are almost always found 
to be considerably more stable thermodynamically and 
kinetically (with respect to dissociation of ligand from 
the metal ion) than the i r corresponding open-chain 
analogues. Such propert ies seem to be an intrinsic feature 
related to the cyclic nature of the ligand and have been 
collectively referred to as the macrocyclic effect 
The use of macrocyclic ligands for selective 
complex formation is of considerable current interest 
and frequently the motivation for such studies has been 
carr ied on to investigate the factors that favour metal-ion 
1 ^ . . (82, 112-120) „, -x. ^ + 1 • 
se lect ivi ty - The recognition of a metal ion 
by a macrocyclic ligand and modification of the propert ies 
of the resul t ing complex is controlled to a large extent 
by a match between the size of the ligand hole (cavity) (82) 
and tha t of the metal ion . Therefore, macrocyclic 
chemistry is considered as an important field of research 
due to the encapsulation capabil i ty of a metal ion within 
a ligating framework . A consequence of th is coordina-
tion is that the metal ion may reveal proper t ies different 
from those tha t might be ascribed to i t in a less encapsu-
lating environment, the attainment of both low or high 
unusual oxidation states may be achieved or the substitution 
proper t ies of a metal ion may be changed considerably. 
Macrocyclic ligands can be synthesized either 
by metatheses or via template synthetic routes. The latter 
route is preferred because of the conformational 
requirements of the reacting species in the reaction 
medium, metal ion present in the reaction brings the 
reactive s i tes in the closest proximity. Metal template 
syntheses of multidentate and macrocyclic ligands have 
been es tabl ished over last three decades as offering h i ^ -
yielding and selective routes to new ligands and their 
complexes. The various synthetic routes to potentially 
. . -. , , 1. . . 1 • .(95,106,122-125) 
multidentate ligands have been extensively reviewed 
and several types of template effects about transition-metal 
ions have been identified, A template effect may arise 
from the stereochemistry imposed by metal ion coordination 
of some of the reactants , promoting a series of controlled 
s teps . This i s the coordination or kinetic template effect 
and charac ter i s t ica l ly provides routes to products not 
formed in the absence of the metal ion . In addition, 
the thermodynamic template effect refers to reactions that 
do proceed in the absence of metal ion but those in which 
the metal ion promotes formation of desired products by 
removing them from the equilibrium . Lastly, an 
equilibrium template effect has been identified where 
aspects of both effects mentioned above combine, the 
distinctive feature of this i s the formation of different 
products in the absence of the metal ion^ ^ ^ . 
Specific types of reactions have been developed 
which are quite limited in number, one of the most 
common methods has involved reaction of a bifunctional 
aldehyde or ketone with a complexed multidentate amine 
( eq 1 ) , or the similar reaction of a potentially 
multidentate a ldehyde with a simple diamine ' . A 
/ 
o=c 
) 
0 
\ 
R 
=^C 
/ 
.NH 
'-M-' 
/ \ 
/ 
NH 
N — 1 
f 
\ 
N=r( =c 
\ 
•••(1) 
range of macrocycles are obtained from reaction of acetone 
or similar ketone with complexes of multidentate amines 
(eq 2 ) . In these reactions, an Aldol-like reaction of a 
NH NH 
^ . / ^ (CH3)2CO 
NH N 
M 2) 
NH HN 
10 
ketone molecule with an ini t ial ly formed coordinated imine 
(122) is apparently involved . Most convenient template route 
to quadridentate amine macrocycles typical ly involve the 
Schiff-base condensation of the primary amine groups of 
a polyamine ligand, coordinated to Ni(II) , with carbonyl 
der iva t ives . Hydrogenation of the resulting C=N double 
bonds gives the fully saturated macrocycle. For example 
the most famous and investigated system produced through 
th i s synthetic route is 1,4,8,l l- tetraa2acyclotetradecane 
(127) (7; cyclam) , which i s obtained in good yield from 
NH HN-
NH HN 
(7) 
t he n icke l ( I I ) templa te r eac t ion between t h e open-chain 
M 2 8 ^ 
t e t ramine 4 , 7 - d i a z a d e c a n e - l ,10-diamine and g lyoxa l , 
Dcyclic prof 
(115,130-132) 
(129) i t e x h i b i t s , b e s i d e s macrocycl i  p e r t i e s , some 
i n t e r e s t i n g chal lenging fea tures 
Sargeson and c o - w o r k e r s des igned a new 
pathway to t h e metal t empla te r i n g closure of po lyamines , 
11 
in par t icular , i t was shown that condensation of the 
[Co (en)„] complex (en = ethylenediamine) with ammonia 
and formaldehyde gives the octamine six-coordinating 'cage' 
macrocycle (8 ) , the so called 'sepulchrand' , The exten-
sion of th i s type of reaction resulted in more interesting 
products , and various other workers a re also keenly 
/A. 
. NH HN . 
NH HN-\ ^ ^ / 
(8) 
engaged in template macrocyclic syntheses 
A great deal of interest has been directed to 
metal complexes with functionalized macrocycles that have 
pendent functional groups such as amine, hydroxy, and 
U 1 4. ( 8 0 , 8 7 ) „ T T J 
carboxylato groups • However, macrocyclic ligands 
{137 138^ 
containing oxalate groups (free C=0) are scarce ' 
But, a substantial number of macrocycles have been studied 
(139) 
and reviewed where the carbonyl group lies adjacent 
to the secondary amine of the framework giving r ise to 
amide (peptide) functionalized system. The syntheses 
12 
of dioxo-macrocylic ligands (9, 10 and 11) led to the study 
^ 4.U ' n ^^ 1 (141.142) ,^ . ,.. u-i 
of the i r Cu complexes • It is worthwhile to 
0 0 
(9) 
note that these macrocycles with Zn , Cd and Pb did 
not deprotonate at pH less than 7, after th i s pH the 
hydrolysed metal ions were precipi ta ted and 
/TT^ 1* 1 4..J ( 1 4 3 - 1 4 6 ) 
Copper(II) non-cyclic polypeptide complexes 
protonated at pH 8, The Ni(II) and Cu(II) complexes of 
a 12-membered dioxo-macrocycle 1,4,7,10-tetraazacyclodode-(147a) 
cane-2,6-dione (12) and Cu(II) complexes of py r idy l -
containing 14-membered dioxo-macrocycle (13) have been 
*u ui ^ ^- -,(139,148) 
thoroughly studied • 
Chapter II embodied in th i s thes is concerns to 
explore further study of a 12-membered dioxo-macrocycle, 
NH HN 
0 NH HN' 
13 
(12) (13) 
triethylenetetramine oxamide (L) , 16-membered te t ra -
peptide [ N. ]macrocycle,tetra:taenzo-( 1,6 ,9,14 ]tetraazacyclohexa-
2 
decan-[ 2,5,10,13]tetraone (L ) and their transit ion metal 
complexes. The latter one s tabi l ized, due to i t s large 
cavity s ize , copper(l) and cobalt(I) metal ions evidenced 
through electrochemical s tudies . Synthesis of another novel 
3 
dioxo-bicyclic macrocycle (L ) derived from oxamide-N,N'-(149) diacetic acid (H^L) and diethylenetriamine, and its 
divalent copper, nickel and cobalt homobinuclear complexes 
have been included in Chapter V,l of th is project. This 
double-ring macrocycle and i ts transition metal complexes 
were studied to examine the cooperative interaction between 
two encapsulated metal ions, because binuclear metal 
complexes remain a classical topic of coordination chemistry 
due to the introduction of appropriate macrocyclic ligands 
14 
ui . 1 * X * 7 • (150-153) ^ ,, 
able to encapsulate two metal ions . The synthe 
of a novel double-ring macrocycle (14), 
bidioxocyclam and 
complexes has already appeared in l i terature 
S I S 
the study of i t s copper (II) 
(154) 
f~\ // \ / ^ 
V_/ \ / W 
(lA) 
The miscellaneous Chapter V . l , in addit ion, 
includes the syntheses and characterization of two novel 
hexaaza- and tetraaza- Schiff-base macrocycles derived 
from the reaction of benzil with diethylenetriamine and 
1,2-diarainobenzene, 18-membered L and 12-membbered L, 
respect ive ly . Their copper (II) complexes have been 
synthesized and chaj-acterized by various physicochemi-
cal methods. The cyclic voltametric investigations reveal 
3 
that L s tabi l izes copper (I) ion because of i ts higher 
15 
capabil i ty of encapsulating bigger metal ion (lower 
oxidation s ta tes) due to the larger hole size than that 
4 
of L which does not indicate th is ac t iv i ty . 
The chemistry of th i s potential six-donor 
macrocyclic ligand L was further extended, in Chapter 
IV.2, by attempting i ts template synthesis with t r ivalent 
lanthanide ions giving fairly substantial y ie lds of the 
complexes. Literature provides full e videnc e that 
macrocyclic ligands can be obtained in the presence of 
alkaline ear th and lanthanide metal ions because of their 
comparable ionic r a d i i . In part icular , lanthanides have 
numerous 
(157,158) 
been used as templating agents and lanthanide 
macrocyclic complexes have been reported 
The rare-ear th metal ions were known to possess 
a simple and uninteresting chemistry, but recent ly , th is 
very ' s impl ic i ty ' has been the basis of the i r unusually 
diverse applications as chemical probes in a broad variety 
of chemical, biological, geological and environmental 
systems and these investigations have often been 
carried with the help of macrocyclic ligands ''^^^ \ 
Other applications of the lanthanide complexes with 
macrocyclic ligands could include the extraction and 
analysis (ion-selective electrodes) of the rare ear ths . 
Keeping in view al l these challenging applications. 
16 
successful attempts were made to interact the trivalent 
lanthanide ions, in aqueous solutions, with biologically 
important molecule phytic acid (PA) and the results 
of th i s study are discussed in detail in Chapter IV. 1, 
Phytic acid is a der ivat ive of naturally existing inositol 
phosphates, a quickly developing area of interest in 
bioinorganic research , to which a full book was 
entirely devoted and further investigations are in progress. 
There are nine inositols , of general formula C,H,(OH)., 
and for some of them the mono-, d i - , t r i - , t e t r a - , penta-
and hexa-phosphates are known with positional and optical 
isomers. Of these compounds, the only biologically most 
important is the myoinositol hexaphosphate (myo-IP,) 
or 1,2,3,4,5,6-hexakis(dihydrogen phosphate) 
myo-inositol , more commonly called myo-inositol 
hexakis(phosphoric acid) or phytic acid (PAH- ) . 
The major source of phytic acid is seeds of 
cereals and legumes. For two principal reasons it has 
become a subject of biochemical investigations . F i rs t , 
the abi l i ty of phytic acid to complex with metals is well 
known and is generally believed that presence of such 
complexes influences the nutritional propert ies of food by 
decreasing the availabil i ty of dietary metal ions ( e . g . , 
calcium, iron and zinc). Secondly, researchers have found 
17 
the a b i l i t y of p h y t i c ac id to bind to p r o t e i n s , 
p a r t i c u l a r l y i t i s one of the most effect ive chemical agents 
for d e c r e a s i n g t h e aff ini ty of haemoglobin for 
(166,167) _. , ^ . X. r . J u . ^. 
oxygen . These c h a r a c t e r i s t i c fea tures and binding 
a b i l i t i e s wi th both metal ions and p ro t e in s govern the 
functional and nu t r i t iona l r o l e as well as t h e biochemical 
a c t i v i t i e s of p h y t i c a c i d . In add i t ion to t h e s e fundamental 
q u a l i t i e s , p h y t i c ac id i s a major r e s e r v o i r of phospha te s 
in s o i l s , a long with o the r inosi tol p h o s p h a t e s from 
microb ia l s o u r c e s . By v i r tue of i t s slow r a t e of h y d r o l y s i s 
and formation of inso lub le calc ium, i ron or aluminium s a l t s , 
i t can become one of t h e major phospha te compoonents of 
f e r t i l e so i l . P h y t i c ac id acts as a potent ia l 
. J 1 7 0 - 1 7 2 ) - . u- u u K u u 
antagonist of zinc which has been shovn by recent 
s tud ies on r a t s ind ica t ing t h a t whenever t h e molar r a t i o 
of p h y t a t e / z i n c in d i e t s exceeds 15, t he u t i l i za t ion of 
d i e t a r y zinc i s suff ic ient ly impaired to induce zinc 
def ic iency even when t h e d i e t a r y zinc supp ly i s 10 times 
h i g h e r than normal ly r e q u i r e d . Indirect e v i d e n c e suggests 
t ha t t h e i n t e s t i n a l enzyme ' p h y t a s e ' which normally 
degrades p h y t a t e , i s zinc dependent . Thus , a s the zinc 
s ta tus dec l ines as a consequence of high d i e t a r y content 
of p h y t a t e , t h e a b i l i t y of t he animal to deg rade t h i s 
potent an tagonis t a l so dec l ines which in turn l eads to the 
u- u V, ^- r (173,174) ^, , . , 
h ighe r a b s o r p t i o n of copper , thus lowering the 
18 
zinc/copper ra t io in intestinal t ract . The resul t s of these 
dietary experiments suggest that phytic acid may serve 
as a protective agent in coronary hear t disease by 
decreasing the ra t io of zinc to copper absorbed. 
A comparative study of complexation of phytic 
acid with zinc and copper was reported as a function 
of metal ion concentration and pH. It was found that 
re la t ive s tabi l i t ies of the copper and zinc phytates at 
low pH were similar , but at pH range 3.4-5.0 the molar 
ratios and s tabi l i t ies were different, Zn(II) ions were found 
to form complexes with phytic acid that were more stable 
than those of Cu(n) ions with phytic ac id . The phytic 
acid, however, accommodated Cu(II) ions more readily than 
Zn(II) ions , e . g . , in a system containing equal amounts of 
Cu(II) and Zndl) ions, 2 Zn(II) ions and 2,3,4 or 4.5 
Cu(n) ions were found per phytic acid molecule depending 
upon metal ion : phytic acid molar rat ios in the systerr 
and pH. The other metal ions and trace m.inerals such as 
calcium, magnesium, iron, phosphorus, manganese, 
molybdenum and cobalt were found to complex with phytic 
acid producing imbalance of minerals due to preferential 
binding . Despite these research in te res t s , a clear 
chemical structure of phytic acid has been continuously 
questioned. The most acceptable structures were proposed 
18 
z inc /copper r a t i o in in tes t ina l t r a c t . The r e s u l t s of these 
d i e t a r y e x p e r i m e n t s suggest t h a t p h y t i c a c i d may se rve 
as a p r o t e c t i v e agent in coronary h e a r t d i s e a s e by 
dec reas ing t h e r a t i o of zinc to copper a b s o r b e d . 
A compara t ive s tudy of complexat ion of phy t i c 
ac id wi th zinc and copper was r e p o r t e d as a function 
of metal ion concentra t ion and pH. It was found tha t 
r e l a t i v e s t a b i l i t i e s of t he copper and zinc p h y t a t e s a t 
low pH were s i m i l a r , but a t pH range 3 . 4 - 5 . 0 t h e molar 
r a t i o s and s t a b i l i t i e s were d i f f e ren t , Zn(II) ions were found 
to form complexes with p h y t i c acid t h a t were more s t ab le 
than those of Cu(II) ions with p h y t i c a c i d . The phy t i c 
a c i d , h o w e v e r , accommodated Cu(II) ions more r e a d i l y than 
Zn(II) i o n s , e . g . , in a system containing equa l amounts of 
Cu(II) and Zn(II) i ons , 2 Zn(II) ions and 2 , 3 , 4 or 4.5 
Cu(II) ions were found per p h y t i c ac id molecule depending 
upon metal ion : p h y t i c ac id molar r a t i o s in t h e systerr 
and pH. The o ther metal ions and t r a c e m.insrals such as 
calc ium, magnesium, i r o n , p h o s p h o r u s , manganese, 
molybdenum and cobal t were found to complex with phy t i c 
ac id producing imbalance of minerals due to p re fe ren t ia l 
b ind ing . Despi te t he se r e s e a r c h i n t e r e s t s , a c lear 
chemical s t r u c t u r e of p h y t i c ac id has been continuouslv 
ques t ioned . The most accep tab le s t ruc tu re s were proposed 
19 
by Anderson and Neuberg (Fig ! • 1 ) . These two 
controversial structures did not resolve the problem ra ised, 
Anderson's structure being simple with six phosphate 
groups bonded to the ring through oxygen, and Neuberg's 
structure shows that phosphate groups incorporate three 
(173) 
strongly bound water molecules into the structure 
(1 78 ^  But, Johnson e t . a l . , have supported the Anderson's 
s tructure. They deduced the structure of phytic acid 
through P NMR analysis . However, the exact conformation 
was not es tabl i shed . This long standing structural/conforma-
tional problem was resolved, to a large extent , by the 
combined use of '^ ^C NMR, P NMR and Raman 
spectroscopy . Phytic acid exists in two conformations 
depending on pH of the solution. At lower pH the equatorial 
conformer ( l - ax /5 -eq) ex i s t s , while in higher pH range 
the axial conformer (5-ax/ l -eq) dominates representing 
the orientation of phosphate groups along the r ing. 
These structural and conformational problems were 
1 T J u - T u • i. J - ( 1 7 9 , 1 8 0 ) ^ ^ , . 
also resolved by equilibrium studies of phytic 
acid or sodium phytate in certain medium with definite 
ionic strength of the solution. It was found that the 
dissociation constants for phytic acid in solution are 
strongly dependent on the supporting electrol\-te, the ionic 
strength and the pH of the medium. This is mainly due 
20 
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PHYTIC ACID 
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NEUBERG STRUCTURE 
Fig I . l : Proposed Strncture for Phytic Acid 
(A) Anderson's and (B) Neuberg's Structure 
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to the complex formation of phytate with counter cations 
present . Such study first requires the knowledge of 
protonation and proton-dissociation constants, but 
surprisingly these studies have produced conflicting 
resul ts ' ' on the ionization of phyt ic acid. Barre 
(1 82 ^  
e t . a l . , deduced that six protons were very acidic 
(pK 1.4-1.8) , two protons were weakly acidic (pK 6.3) 
a ^ 
and res t four protons were very weakly acidic (pK 9.7). 
a (183) On the other hand Costello^ reported s ix protons as 
very strongly ac id ic , three weakly acidic and three very 
weakly ac id ic . Their results were based on the inflection 
r 31 
points in the pH versus 6 ( P) curves for different 
phosphate groups. Similar proton-dissociation studies made 
by Emsley and Niazi showed that four protons were 
released in pH 2.0-5.0, next four protons in pH 5.0-8.0, 
another two protons in pH 8.0-10.5 and the last two 
protons dissociated in the pH range 10.5 to 12.5 and 
above. Keeping in view these conflicting resu l t s obtained 
by various workers , the equilibrium studies of phytic acid 
in the presence of various electrolytic solutions needs 
full attention of the researchers because of biological 
(173) implications of phytic acid. Though, interaction of 
phytic acid with transition metal ions has been investigated 
in recent past , only a modicum literature^ "^^^»^ '^^  »1S5) 
Wi a s 
available so far. Though the equilibrium studies of 
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lanthanide metal ions with various chelating ligands have 
been repor ted , t he i r behaviour towards phytic acid 
(which acts as a ligand) remains unexplored. 
Chapter III- l of the present work deals with 
the syntheses and characterization of novel type of 
bimetallic sa l ts obtained by transfer of ha l ide ions from 
(187 ^  transition to transit ion metal ions resul t ing in the 
formation of a bigger tetra-chloro divalent metal anion 
stabilized by a copper (II) complex cation. The studies 
of these bimetallic salts was under taken in a view to 
explore the interaction between two contiguous metal ions 
and the interesting chemistry of halide transfer involved 
(188^ from one metal to the other. Bailar and Busch term 
such compounds as "strict ly halide complexes". A thorough 
1*. X ( 1 8 9 - 2 1 6 ) xu- 1 • J r 1 
l i terature survey on this kind of complexes 
reveals tha t the tetrachlorometallate anion (MCI. ) where metal 
is copper, nickel , cobalt , manganese, zinc, cadmium and 
mercury, s tabi l ized by bis(ethylenediamine)cupric ion seerrs 
not to have been studied. These studies were pursued foll-
/ X • 1.(217) , 
owing (our) previous work where in one case 
(Scheme I . l ) , the reaction of [Cu(teta)]Cl (teta 
tr iethylenetetramine) with MCI or MPhCl (M = Si, Ge, 
Sn, Ti and Zr) yields bimetallic complexes in which the 
ionic chlor ides of [Cu(teta)]Cl coordinate to the 
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c o p p e r ( n ) ion r e n d e r i n g i t in oc tahedra l geomet ry , whi le 
in o ther case (Scheme 1.2) , N ,N ' - e thy l eneb i s ( s a l i c y l i d e n e -
iminato) c o p p e r ( I I ) complex s imply coord ina tes to Group 
IV metal ion th rough neutral oxygen donor a toms . Other 
(•pi fi—777 \ 
workers h a v e mentioned t h a t t he b e s t s t r a t e g i e s 
to d e s i g n and s y n t h e s i z e poly nuclear spec i e s i s t he use 
of mononuclear complexes as l i g a n d s , i . e . , metal 
complexes which contain potent ia l donor atoms or groups 
for ano the r meta l ion , of which a good example i s 
* J u /TT^ • -^ * ^ (223-227) 
r e p r e s e n t e d by c o p p e r ( I I ) oximidato complexes 
The s t u d i e s of h a l i d e t rans fe r from b i s ( d i e t h y l e n e -
t r iamine) copper (11) d i c h l o r i d e to t in( IV) h a l i d e s and 
organotin(IV) c h l o r i d e s h a v e been composed in Chapter 
I I I . 2 in o r d e r to e x p l o r e fur ther the h a l i d e abs t r ac t ing 
a b i l i t y of Sn(IV) metal ion. It i s an e s t a b l i s h e d fact t h a t 
h a l i d e tT^nsfer between t r ans i t i on and main group metals 
p r o v i d e s novel so r t of s a l t s . A large number of such 
u u ^ .(228-238) . ^ , ^^ 
compouncs h a v e been r e p o r t e d . A few of therr 
are out l ined in equat ions 3-12. 
VCI3 - SbCl^ _MeCN^ [VCl2(MeCN)^J[SbCl^] . . . (3) 
MgCU + 2 S b C l 3 - M f £ l v [Mg(MeCN) ] [ S b , C K ] . . . (4) 
SnCl. + SbCl 
6^^""2 
MeCN 
5 > [SnCl3(MeCN)3][SbCl^] . . . (5) 
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POCl 
TiCl^ + AsCl^ i > [TiCl3(P0Cl^)^][AsCl^] . , . (6) 
ZFeCl^ + SnCl2-^^[Fe2(ji-Cl)3(THF)^[SnCl5(THF)] . . (7) 
TiCl^ + ZnCl2^^^^^[TiCl2(THF)^][SnCl3(THF)] . , . (8) 
TiCl^ + SnCl^ —^^^^[TiCl2(THF)^][SnCl5(THF)] ' . . . (9) 
MgCl^  + TiCl^ ™^ >[(THF)^Mg2(u-Cl)3][TiCl^(THF)] . . (10) 
MgCl^ + FeCl3-™!^[MgCl(THF)^][FeCl^] . . . (11) 
TiCl3 -^ SnCl^ ™^ > [TiCl2(THF)^][5nCl^(THF)] . . . (12) 
As an extension of (our) studies on dithiocarba-
(23 9—243) 
mates , Chapter V.2 represents an unprecedented 
example of the formation of eight-membered ring complexes 
by the interaction of met hylene bis (piper idinedithiocarba-
mate) with Group IV metal tetrachlorides and organotin(IV) 
chlorides in which Group IV metal acceptor achieves an 
octahedral environment with two sulphur atoms locked in 
(244) 
a cis-configuration . This study was undertaken in a 
view that coordination chemistry, of dithiocarbamates s t i l l 
continues to be an active realm of investigation^^"^^"^ -^^ ' 
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due to the i r extensive applications as fungicides, pes t ic ides , 
vulcanization agents, flotation agents and high pressure 
lubricants , From structural point of view, they are 
important because of their versat i l i ty displayed by their 
modes of ligation to the metal, exhibit ing mono- or b i -
^ ^ ^ u u • (252) dentate behaviour 
€M AFTEMII 
METAL CHELATES OF THE MACROCYCLIC LIGANDS 
L^ and A? CONTAINING AMIDE GROUPS 
II . 1 Transition Metal Complexes of a New 12-Membcred 
Tetraaza (diaadno-diamide) Macrocycle, Triethylene— 
tetramiDe oxamide (L ) 
r\ 
NH i^-^n-^O 
NH NH ^ 0 v/ 
(L') 
28 
The p o s s i b i l i t y of formation of a novel 
IZ-mennbered, d iamino-d iamido macrocycle , t r i e t h y l e n e t e t r a -
I 
mine oxamide L , and i t s complexes with f i r s t row 
t r a n s i t i o n meta l s was exp lo red using careful and s e n s i t i v e 
syn the t i c m e t h o d s . 
EXPERIMENTAL 
T r i e t h y l e n e t e t r a m i n e , d ie thy l oxa la te (BDH), 
h y d r a t e d t r a n s i t i o n metal c h l o r i d e s (E. Merck) were used 
as r e c e i v e d commerc ia l ly - All solvents were d i s t i l l e d and 
d r i e d by convent ional methods before use . The i - r , spec t ra 
were r e c o r d e d on a Per kin Elmer 621 spec t romete r as Nujol 
mul l s . The conduc t i v i t y measurements were c a r r i e d out on 
an El ico conduc t iv i t y b r i d g e Type CM-82T- The UV/Vis 
spec t r a were r e c o r d e d on a Spect ronic 21 
s p e c t r o p h o t o m e t e r . Magnetic s u s c e p t i b i l i t y measurements 
were done with a v ib ra t ion sample magnetometer Model 155 
at room t e m p e r a t u r e . The proton n . m , r . spec t rum of the 
free macrocvc l i c l igand was run in DMSO^d. on a Varian 
6 
A60D ins t rument using SiMe. as in ternal r e f e r ence . Chlor ide 
ion was de te rmined g r av ime t r i c a l l y as AgCl whereas the 
o ther metal ions were determined by usual EDTA method. 
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Synthesis of the ligand L 
Trieth ylenetetramine (0.01 mol) was added 
dropwise to d ie thyl oxalate (0.01 mol) in DMF (15 mL) 
with vigorous agitation. The mixture was cooled in an ice 
bath a fter bei ng h eated at 4 0-6 0° C for 3 hours. An 
immediate white precipitate appeared when concentrated 
hydrochloric acid (1 mL) was added slowly while gentle 
shaking. The product was allowed to set t le in the cold 
for 3 hours and was then fi l tered, washed with dry ether 
and dr ied in vacuo. Its H n .m.r . spectrum recorded in 
DMSO-d, shows one broad t r ip le t in o 4.2 range due to the 
0 
two methylene groups in a lpha- and beta- position to the 
amide group, and a singlet below 6 3.0 for the NH protons. 
Synthesis of the complexes of L 
Triethylenetetramine (0.01 mol) was added to 
a methanolic solution (30 mL) of diethyl oxalate (0.01 mol) 
and the mixture was refluxed until the solution turned 
yellowish. A solution of an equimolar amount of the metal 
chlorides (0.01 mol) of divalent copper, nickel, cobalt, 
manganese, zinc and cadmium separately in methanol (15 
mL each) were added slowly to the mixture while refluxing 
with simultaneous magnetic-stirring over a period of one 
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h o u r . The coloured p r e c i p i t a t e s ( t h a t of zinc and 
cadmium complexes were co lour less ) t hus obta ined were 
f i l t e r e d , washed with methanol and d r y e t h e r ( t h r i c e ) 
and then d r i e d in vacuo. 
RESULTS AND DISCUSSION 
The p r e p a r a t i o n of t h e f ree macrocyc le , 
t r i e t h y l e n e t e t r a m i n e oxamide (L ) h a s been accompl ished 
by r e a c t i n g t r i e t h y l e n e t e t r a m i n e and d i e t h y l oxa la te in 
a c i d i c medium. The poor y i e l d , which i s about 7-10%, 
r a i s e d a r e s t r i c t i o n t o syn thes i ze i t s complexes- For t h i s 
r eason t h e complexes have been p r e p a r e d via t ecp la t e 
r e a c t i o n s . However , a compara t ive s tudy i s d e s c r i b e d of 
the free macrocyc le and i t s templa te t r a n s i t i o n metal 
complexes . A s e n s i t i v e method h a s been employed to 
p r e p a r e t h e complexes by careful d r o p wise add i t ion of 
metal c h l o r i d e s , in a l i t t l e l e s se r than t h e s t o i c h i o x e t r i c 
r a t i o in o r d e r to avoid the formation of a b imeta l l i c 
spec ies th rough bonding of the C=0 groups to t h e metal 
ion, to a re f luxing mixture of t r i e thy lene te t r an ine and 
d i e t h y l oxa la te in methanol (Scheme I I . l ) . 
The ana ly t i ca l data (Table I I . 1) cor respond to 
the composi t ion of the macrocyclic ligand and i t s complexes 
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Trlethylenetetramlne 
(0.01 mole) 
d ie thy l o x a l a t e 
(0.01 mole) 
(c^o^noc^^^)^ 
MeOH 
ZnCU 
(0.01 mole) 
n + 2 
Zn 
NH O 
Refluxing 
MCl-.xH O ( 0 . 0 1 mole) 
OH. 
r 
IH 
\ / 
n + 2 
\ NH NH 
OH, 
Scheme II* 1 
M = Mn^"^, C o ^ ^ , N i ^ ^ 
Cu^^ and Cd^"^ 
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as [MLCH^O)^]^^ and [M'L^lCl^ (L^ = {CU^-Cn^)^(^H)^(C^O^) = 
t r i e t h y l e n e t e t r a m i n e oxamide ; M = Cu , Ni , Co , Mn"" 
2+ 2+ 
and Cd ; M' = Z n ) . The l igand i s s e n s i t i v e to a i r and 
moisture w h i l e i t s complexes a re a i r - s t a b l e and highly-
soluble in coo rd ina t i ng s o l v e n t s . The complexes h a v e been 
found to b e u n s t a b l e in DMSO. The r e c o r d e d UV/Vis s p e c t r a 
of the l i gand , t h e complexes and t h e co r re spond ing metal 
h a l i d e s in DMSO a r e s i m i l a r , indicat ing t h a t the complexes 
a r e not s t a b l e on d i s so lu t ion in DMSO, Moreover , t he 
n . m . r . s p e c t r a of t h e l igand and the complexes a re 
iden t i ca l in DMSO. However , the s p e c t r a r eco rded in 
a c e t o n i t r i l e i n d i c a t e t h e s t a b i l i t y of t he complexes in t h i s 
solvent a n d , t h e r e f o r e , a l l spec t ra were taken in t h i s 
so lven t . The molar conductances (Table I I . 3) of the 
-1 2 
complexes measured in a c e t o n i t r i l e (250-270 ohm cm 
mol ) suggest t h a t t h e s e a re 1:2 e l ec t ro ly te s 
IR da ta 
The r e l e v a n t i . r . bands are l i s t e d in Table I I . 2 . 
An impor tan t fea ture of t h e spec t r a of t h e complexes i s 
the d i s p l a y of a b road and strong band cent red in t h e 
region 3460-3400 cm due to the coordina ted wa te r , 
accompanied b y t h e appea rance of a band in the 1630-1600 
cm range (H-O-H bend ing ) . Both of t h e s e bands were 
34 
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absent in the i . r - spectrum of the zinc complex. In the 
i . r - spectrum of the ligand, the amide N-H stretching 
frequency appears at 3360 cm and the secondary amine 
N-H stretching frequency appeared as a sharp distinct band 
at 3280 cm and, therefore, implying the conversion of 
the primary amine oi triethylenetetramine to a seconda^ry 
amine through i ts reaction with diethyl oxalate and hence 
removal of ethanol. Since the non-bonding electron pair 
of the nitrogen atom of the amide groups is delocalized, 
it can not coordinate to a metal ion unless deprotonation 
of the nitrogen takes place, which may change the 
electronic structure of the system significantly, or a change 
in the stretching frequency (of amide group) is expected 
upon coordination. However, in the i . r . spectrum of the 
ligand, V(C=0) is seen at 1670 cm which shifts to lower 
frequency by about 30 cm in the spectra of the 
complexes, suggesting the coordination of the nitrogen to 
the central metal ion. Furthermore, the lowering of i/(N-H) 
of the amide groups is also observed in i . r . spectra of 
the complexes. Since the complexes were synthesized in 
purely non-aqueous medium, the above observations support 
the existence of protonated amide nitrogen in the 
complexes. Also a strong absorption band observed in the 
i . r . spectra of the complexes (which is absent in that 
36 
of the ligand) in the 470-420 cm range has been 
tentatively assigned to the metal-nitrogen stretching mode. 
Electronic spectra 
The observed electronic spectral bands taken in 
acetonitrile and the magnetic moments are presented in 
Table I I . 3 . It is inferred from this table that these 
transition metal complexes are h i g h - s p i n and maintain an 
octahedral geometry. On the other hand, the u -.(uB) values 
obtained are in consonance with those of the reported 
(254) 
ones , such as the aquo species of transition metal 
ions, which provides strong support for our proposition 
of the nature of the compounds. However, the electronic 
spectrum of the ligand exhibi ted an intense band at 370 
nm which is definitely assigned to the n >- 7\ 
(255) 
transition of the free C=0 groups. This band undergoes 
a blue - shift (40-60 nm) after complexation, indicating the 
participation of the amide group in coordination to the 
metal ion. 
H n .m . r . spectra 
The H n .m.r . spectrum of the free macrocyclic 
ligand recorded in DMSO-d, is presented in Fig II, 1, The 
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Table II.4 : H n - m . r . Spec t ra l Data of t h e Free Macrycle (L ) 
1 Symbol 
a 
b 
2 
2 
Type 
X CH^NHC 
X CH^NHCH^ 
# of hydrogen 
4H 
4H 
Chemical shi f t 
(S^ pPpm) 
4.13-3 .90 
3 .33-3.10 
c 
d 
e 
2 X CH^NHCH^ 
2 NHCH2 
2 NHC / 
4H 
/ 4H 
2H 
3 .00-2 .85 
2 .80-2 .70 
2.65 
Fig 11.1 : 1H n . m . r . spectrum 
of the free macrocycle recorded 
i n DMSO-d 
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types of hydrogens and chemical shift ( b, ppm) values are 
clearly indicated in Table II. 4. It is evident that the 
values for al l types of methylene groups appear in the 
0 4.13-2.85 ppm range. However, the signals corresponding 
to NH protons are observed in the a 2.8-2.65 ppm range. 
This spectrum confirms unequivocally the forrmtion of the 
macrocycle. The H n .m.r . spectra of the complexes could 
not be resolved due to the paramagnetism of the metal 
ions. 
Structnre of the complexes 
Therefore, on the basis of a l l these s tudies , 
a probable structure has been proposed for the complexes 
in which two water molecules are bonded to the central 
metal ion maintaining their octahedral configuration (Scheme 
II. 1), except in the case of the zinc complex where a 
te t rahedral geometry has been suggested for being free 
of water. It i s convincing that the explaination for these 
observations is linked to a varied coordination sphere 
of Zn , which switches easily from coordination number 
("? R A^9 RR ^ 
6 to 4 or 5 . The prime example for th i s behaviour 
is the Zn -ethylenediamine (en) system^^^^'^^"^^, the 
[Zn(en)2] complex is relat ively stable while [Zn(en) ]^ "^ 
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i s u n s t a b l e . The di f ference i s exp la ined by 
a t t r i b u t i n g to Zn '^ in [Zn(en)] an o c t a h e d r a l coordinat ion 
s p h e r e which swi t ches to t e t r a h e d r a l one upon coordinat ion 
of t h e second en , r e l ea s ing four water molecules 
Binding of t h e t h i r d en r e q u i r e s again an enlargement of 
t he coord ina t ion s p h e r e . On c o n t r a r y , wi th Co the 
coord ina t ion s p h e r e remains oc t ahedra l throughout t he 
2+ 2+ 
coord ina t ion p r o c e s s wi th en . Hence for Ni or Cd with 
t h e i r more wel l def ined oc tahedra l s p h e r e s , such a p rocess 
of swi t ch ing ove r to lower coordinat ion number i s l e s s 
p r o b a b l e . Any d i scuss ion of t he pos i t ion of t h e two water 
molecules ( w h e t h e r c i s or t r a n s v to ' each o the r ) or of 
the a c c u r a t e encapsula t ion of t he metal ions in p r e sen t 
complexes in r e l a t i on to t he N. cav i ty must await c r y s t a l 
s t r u c t u r e c l a r i f i ca t ion -
It i s to be noted t ha t the e l ec t ron ic spec t r a of 
the l igand and t h e complexes r eco rded in DMSO are s i m i l a r , 
the e l ec t ron ic spectrum of t he ligand shows an abso rp t ion 
-1 w* 
band a t 31,448 cm , cor responding to n—> 7\ t r an s i t i on , 
which remains una l te red in t h e spec t r a of t h e complexes . 
Since no change i s obse rved in X » t h i s sugeest t ha t 
max '^^  
amides a r e r e a l l y not involved in complexat ion in DMSO 
which impl ies t h a t the complexes a re uns tab le in t h i s 
so lven t . However , t he e lec t ronic s p e c t r a of the var ious 
41 
metal hal ides recorded in DMSO, without the macrocyclic 
ligand, show similar bands as that of the complexes which 
clearly confirms that the complexes do not survive 
dissolution in DMSO. On the other hand, the recorded 
H n .m. r . spectra of the ligand and the complexes in 
DMSO-d^ are similar. This reflects that the complexes fall 
apart when dissolved in DMSO-d. , so that a l l that is being 
observed is the free ligand. This observation also supports 
the instabil i ty of the complexes in DMSO. 
II. 2 Synthes is and Characterization of a Novel 16-
Membered [ N, J-macrocycle (L ) and i t s Transition 
Metal Complexes , Stabil ization of Cu and Co Metal 
Ions Evidenced through Electrochemical Studies . 
/ / 
0 
C NH HN C 
/ ~ \ 0 
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Modified tetra-amine with four carbonyl (C=0) 
functions, a 16-membered macrocyclic te t rapept ide , 
tetrabenzo[ 1,6,9,14]tetraazacyclohexadecan[ 2,5,10 ,13]tetraone 
( L ) was designed with a large cavity size to fit the 
I I 
unusual low valent transition metal ions (Cu and Co ) . 
The copper ( I I ) , nickel(II) and Cobal(II) complexes of the 
ligand have been synthesized in non-aqueous solvents to 
res t r i c t the possible deprotonation of amide nitrogens and 
to examine its implications on the overall geometrry, 
EXPERIMENTAL 
Phthalic acid, 1,2-diaminobenzene (E. Merck) 
as received and recrystal l ized metal sal ts CuCl .2H2O, 
NiCl2.6H 0 and CoCl^.SH 0 (BDH) were used. All the 
solvents were dried before use. The i . r . spectra were 
recorded as KBr discs on a Carl Ziess Specord M-80 
spectrophotometer and H n .m.r , spectra recorded in 
DMSO-d/ on a Jeol-100 X spectrometer with SiMe^ as 
reference- X-band ESR spectra of a polycrystall ine sample 
were recorded on a Varian E-112 spectrometer at room 
temperature and liquid nitrogen temperature. The spectra 
were cal ibrated with diphenylpicrylhydrazyl (dpph; g = 
2,0037). Electronic spectra of 1 mmol solution in DMSO 
were recorded on a Pye-Unicam 8800 (Ph i l i p s , , Holland) 
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UV-vis spectrophotometer at room temperature. Cyclic 
voltammograms were obtained using an EG & G PAR Model 
174 XY recording system with platinum electrode versus 
saturated calomel electrode (SCE) using tetrabutylammonium 
perchlorate as supporting electrolyte in DMSO, Magnetic 
susceptibil i t ies were determined at 20° C using a Faraday 
balance cal ibrated with Hg[ Co( NCS) ^  ] and conductivities 
of 1 mmol solutions in DMSO were obtained with a Systronic 
Bridge (India) at room temperature. Molecular weight was 
determined cryoscopically and the resul ts of the 
microanalyses were obtained from a Carlo Erba Analyser 
Model 1106, Metals and Chlorine was estimated by reported 
„,ethods(262.264)^ 
2 
Synthesis of the ligand L 
To a vigorously s t i r red solution of phthalic acid 
(0.01 mol) in methanol/dioxane (30:30 mL), 1,2-diamino-
benzene (0.01 mol) in methanol (20 mL) was added in 
portions at room temperature in a round-bottom flask. The 
contents were refluxed for 18 hours and then cooled after 
evaporating to 1/3 volume of the solvent. A white 
precipitate was formed on leaving the contents overnight 
at lO^C. It was f i l tered, washed with benzene and hexane 
and then dried in a desiccator for 1 week. It was 
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recrystal l!zed from methanol as yellow coloured microcrysta-
lline so l id . 
2 
Synthesis of [CoL CI]CI 
2 
The ligand (L ; 2 mmol) dissolved in methanol (120 
mL) by mild heating and the metal sal t CoCl_. 6H- 0 (2 
mmol) dissolved in methanol (10 mL) were mixed together 
and s t i r r ed mechanically at room temperature for 3 hours. 
The dark blue solution was concentrated to 1/10 of the 
initial volume by slow heating on a water bath and allowed 
to cool at 5-10°C in a refrigerator overnight, Violet-blue 
opaque c rys ta l s formed were separated by decantation, 
washed with a minimum quantity of methanol and dried 
in vacuo. 
Synthesis of [CuL^Cl^l and [NiL^Cl^] 
A hot methanolic solution (100 mL) of the ligand 
2 (L ; 2 mmol) and metal salts CuCl .2H 0 and NiCl . 6H 0 
(2 mmol) in methanol (10 mL) were separately mixed 
together and s t i r red mechanically at room tenperature for 
3 and 5 hours , respect ively. The coloured precipitates 
formed were filtered off washed with methanol and hexane 
and dried in vacuo. 
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RESULTS AND DISCUSSION 
The r eac t ion of p h t h a l i c a c i d wi th 1 ,2-diamino-
benzene in 1:1 mole r a t i o gave a fa i r y i e ld of t he ligand 
L named as t e t rabenzo[ 1 ,6 ,9 ,14 ] t e t r aazacyc lohexadecan 
[ 2 , 5 , 1 0 , 1 3 ] t e t r a o n e . Scheme I I . 2 p o r t r a y s the formulation 
of t h e l igand and i t s complexes based on t h e a v a i l a b l e 
cons is ten t d a t a . The e x p e r i m e n t a l l y de te rmined molecular 
weight (414) of the l igand agrees wel l with i t s ca lcula ted 
molecular formula weight (420.45) • The ana ly t i ca l da ta a re 
a l so cons is ten t with t h e s to i ch iome t ry of t he l igand (Table 
I I . 5 ) , The important i . r . bands o b s e r v e d a re ass ignable 
to t he c h a r a c t e r i s t i c \ / ( N - H ) , Amide I (1650 cm ) , Amide 
II (1550 cm~^) and Amide III (1300 cm" )^^^^) frequencies 
( l i s t e d in Table 11.6) . The appea rance of a s ingle y{S-
H) s t r e t c h i n g frequency ind ica t e s the p re sence of secondary 
2 
amide functions (-CO-NH-) in L . All o t h e r fundamental 
v i b r a t i o n s l i k e l / ( C - H ) , l/(C=C) and ^/(C-C) , appea red 
a t t h e i r a p p r o p r i a t e pos i t i on . The H n . m . r . spectrum of 
t h e free l igand recorded in DMSO-d. e x h i b i t e d a broad 
D 
signal due to N-H protons (which d i s a p p e a r e d af ter D^C 
2 
exchange) along with C^H^ proton s igna ls in t he integral 
r a t i o 1:2 (Table I I . 6 ) . The e lec t ron ic spectrum of the 
ligand solution in DMSO e x h i b i t e d a band at 430 n-
ass ignab le to t he exc i t a t ion ^^ ^ ^^ 
of non-bonded e l ec t r 
ons 
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Phthalic acid 1 y 2-diamizioben zene 
C^H^CCOOH)^  
Reflux 
V4('*"2>2 
MeOH/Dioxane 
0 V /; 0 
W / \ / 
C NH HN G 
C — N H HN C 
0 
WeOH 
VCl^.xH^O 
[ML Cl^] 
CoCl^.SH^O 
[COL' 'C1]C1 
(M = Cu(II) or N i ( I I ) ) , 
SCHEME II .2 
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* 
at carbonyl oxygen to an antibonding ^ orbi ta l , i . e . 
n ^>7f transit ion, of the pept ide group. 
2 A substantial reaction of the ligand L was 
observed towards the divalent copper, nickel and cobalt 
ions yielding stable solid complexes where metal and ligand 
exist in 1:1 ra t io , tallying well with the observed 
analytical data (Table 11,5). The cobalt complex gives 
a blue coloured solution in DMSO while a pink colouration 
is observed in aqueous solvents, indicating a change in 
geometry from low coordination number (4 or 5) in non-
aqueous solvents to a six-coordinate geometry in aqueous 
solvents. Moreover, the addition of pyridine to the blue 
solution of cobalt complex in DMSO gave a colour change 
to pink and electronic spectrum that was nearly identical 
to tha t of an octahedral Co(II) complexes. On the contrary, 
2 
the copper (II) and nickel (II) complexes, [ CuL CI-] and 
2 [NiL CI - ] , respect ively , were soluble in coordinating 
2 
solvents and unlike [CoL C1]C1 complex, these did not show 
a colour change by the addition of pyridine which is 
probably due to the hexa-coordination accomplishment in 
2 2 
[CuL CI2] and [NiL Cl^]. The i . r . spectra of the compl-
exes show spli t t ing of l/(N-H) bands with separation of 
about 100-80 cm , but the position did not change 
significantly from that observed in free ligand. However, 
50 
t he pos i t ions of the Amide I and Amide III bands were 
d i f f e ren t from those o b s e r v e d in t h e i . r . spectrum of 
t h e l i g a n d . It a p p e a r s t h a t t he free l igand molecule e x i s t s 
in h y d r o g e n bonded ( a s soc i a t ed ) form through carbonyl 
oxygen w h i c h , h o w e v e r , could not b e au then t i ca ted due to 
t h e i n s o l u b i l i t y of t h e l igand in non-hydrogen bonded 
so lven t s l i k e h e x a n e , CH-Cl- and CCl, , e t c . 
Th e obse rved magnetic moment va lue (1.70 uB) 
2 
of t h e I CuL CI- ] i s l i t t l e lower than t h e t h e o r e t i c a l l y 
9 
e s t ima ted value for one unpa i red e l e c t r o n , i . e . , d configura-
t ion of t h e Cu(II) ion. However , t h e X-band ESR spectrum 
2 
of t h e mic roc rys t a l l i ne sample of [CuL CI-] e x h i b i t e d 
s igna l s (Table I I . 6) cons is ten t with an ax ia l symmetry 
(g \ gI ) in t h e molecule . This suggests t ha t d 2_ 2 i s 
t h e ground s t a t e with t h e d , Cu , configuration , 
4 2 2 1 
i . e . , (eg) , (a ) (t>2 ) ^^iJ • ^ ° h y p e r f i n e s p l i t t i n g 
was o b s e r v e d due to t h e fact t h a t t h e paramagnetic cen t res 
a r e not d i l u t e d . Th e lec t ron ic spec t rum of t he copper 
complex r eco rded in DMSO (Table I I . 7 ) e x h i b i t e d two w e l l -
r e s o l v e d maxima at 909 nm and 348 nm. The l a t t e r band 
i s concerned appa ren t l y with t h e l igand t r a n s i t i o n (n-^-TT) 
with a b lue - s h i f t a f ter complexa t ion . Whereas t h e 909 nm 
band which i s b road and weak ( d - d feature) is 
2 2 9 
c h a r a c t e r i s t i c of the T^ < E„ t r a n s i t i o n from the d 2g g 
configurat ion of Cu(II) ion in an o c t a h e d r a l geometry . 
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The observed magnetic moment, u rAu^) value 
2 
of the nickel(II) complex [ NiL CI-] i s (2.78 uB), reaching 
to the theoretical sp in-only magnetic moment value (2.82 
Q 
uB) of two unpaired electrons of high - spin complex of d 
Ni(II) system. Strong ligand-field d-d transitions have 
been assigned to the observed electronic spectral bands 
(Table II . 7) of the nickel(II) complex along with a distinct 
band in UV region (340 nm) assigned to the n-^7\ transition 
of the carbonyl oxygens. The la t te r band is also believed 
to represent the charge transfer from ligand to metal ( i . e . , 
L—•^ M transi t ion) . These data suggest that Ni(II) ion 
(254) 2 
maintains an octahedral geometry in [NiL CI-] complex. 
Moreover, the molar conductances of the complexes measured 
in DMSO (Table II. 7) lead to the consensus that copper(II) 
and nickel(II) complexes are non-electrolytes, whereas the 
c obalt (II) complex is a 1:1 electrolyte , h enc e 
2 
confirming the proposed molecular formulae as [CuL Cl_ ] , 
[NiL^Cl^] and [CoL^Cl]Cl, respec t ive ly . 
The UV-vis. spectrum of [CoL C1]C1 complex 
displayed four distinguishable bands (Table II. 7) . A sharp 
and very strong band in the UV region at 316 nm 
characteris t ic of ligand to metal charge-transfer excitation, 
a broad absorption maximum at 350 nm due to the n->7t 
transition of the ligand and two re la t ively weak bands 
53 
at 677 nm and 610 nm were observed. The last two bands 
agree in both frequency and intensity with those obtained 
for other five-coordinated cobalt(II) complexes with square 
pyramidal geometry. These two d-d transition bands are 
probably the spl i t components of e —*- a, transition 
The high energy band expected near 400 nm has probably 
+ 
merged with the n-^-Tf transition of the ligand observed 
as a broad maximum- The observed magnetic moment, 
P ^r(uB) value for the complex i s 4.34 uB which is 
higher than the range reported^ for a low-spin square 
pyramidal complex (2.2-2.3 uB), but the magnitude is much 
lower than tha t expected for a high-spin regular square 
pyramidal Co(11) complexes (5.5 uB) where all the five 
donor atoms are identical giving r i se to a C, 
symmetry . These data a re indicative of [CoL CI JCi 
being a square-pyramidally arranged complex with a 
considerable aberration from the perfect C. symmetry 
probably due to the axial ligand asymmetry. Since the 
(270) 
extent of bond lengthening i s known to effect the spin 
multiplici ty, there is a possibi l i ty that the present 
(271) 
complex lies halfway between the high-spin and 
low-spin states which can not be ignored. The 
polycrystall ine sample of [CoL^ClJCl did not show any 
ESR signal even down to the liquid nitrogen temperature, 
suggesting that the spin state of the solid compound 
54 
(271 272) 
remains high. But, low-spin cobalt(II) complexes * 
show an ESR signal even at room temperature, consistent 
with an axial symmetry in the molecule. Hence, it 
2 
unequivocally suggested that [ CoL C1]C1 exists in an 
elongated square-pyramidal geometry with electronic 
4 2 1 
configuration as (e) (b-) (a^) due to the axial distortion 
accompanying the high-spin to low — spin interconversion, 
together with the r igidi ty of the macrocyclic ring forming 
the basal plane of the s t ructure. 
Electrochemistry 
The electrochemical studies of the present 
2 2 
[CoL CI]CI and [CuL Cl„ ] complexes were performed in 
DMSO using platinum electrode versus SCE at room 
temperature at a scan ra te of 0.05 and 0.1 V s . Complete 
2 
scanning in range of +0.65 to -1.2 V for [CoL ClJCl complex 
gave the voltammogram shown in Fig II .2a. It exhibited 
two i r revers ib le cathodic waves at -0.88 V (P-,) and -1.14 V 
(P ) and a single i r revers ib le anodic wave at -0.34 V. 
The occurrence of two reduction waves suggests the 
possibi l i ty that the reduction of Co(II) occurs via two 
one-electron steps (Co > Co —>- Co ) , while the 
appearance of only one anodic wave indicates a one-step 
two-electron oxidation process (Co ^ Co + 2 e ) . The 
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re la t ive peak heights of the cathodic waves (P, and P„) 
do not change and are approximately the same if the scan 
ra te is changed from 0.05 to 0.1 V s , a behaviour 
expected if P. represents the [Co ' ] process followed 
by P- due to [ Co ' ] process . It i s , therefore, unlikely 
that any mixed valence binuclear species is involved in 
these electrochemical reductions. The large anodic peak 
at -0.34 V, whose peak current remains unaltered with 
the change of scan r a t e , is character is t ic of an electro-
(273) 
chemically active species absorbed on the electrode ,which 
may be considered as cobalt metal. The reduction at -0.88 V 
is probably followed by disproportionation . Considering 
all above processes involved, the complete cyclization of 
electrochemical steps in the +0.65 to -1.20 V range are 
portrayed in Scheme I I . 3 . 
2 The cyclic voltammogram of [CuL CI-] complex 
(Fig II.2b) displays cathodic waves at -0.20, -0.57 and 
-0.77 V and anodic waves at -0.44 and +0.37 V. The 
cathodic peak (-0.57 V) and the anodic peak (-0.44 V) 
apparently form a revers ible redox couple with peak 
separation AE = 90 mV and peak height ra t io nearly unity. 
Slight variations (± 4 mV) of peak potential separation 
at different scan rates (0.05 to 0.1 V s ~ ) were also 
observed and both peak heights were proportional to the 
square root of scan r a t e , V^. These features are 
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I I 9 •*• 
2(CoLCi) 
[CoL^ Clj 
2 [Co L^  CI] 
(un 
TT 2 + [Co^Y CI] + e - 0 . 8 8 V •> [Co^L^Cl ( i ) 
[Co^L^Cl ] + e ' 
1.14 V 
> [CoV] ( i i ) 
2 [Co^L^Cl , _ I L 2-TT+ ^ r r 0 T 2 •> [Co L C I ] + [Co L ( i i i ) 
•0.34 V 
Co' Co + 2 e • . . . ( iv) 
SCHEME 11.3 
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i n d i c a t i v e of q u a s i - r e v e r s i b l e one-e lec t ron e lec t rochemical 
redox b e h a v i o u r and , t h e r e f o r e , t h e midpoint between t h e 
two peaks should give a r ea sonab le es t imate of the 
e l e c t r o d e poten t ia l E ( -0 .485 V) . This cor responds to 
t he one-e lec t ron redox (Cu ••;. "^  Cu ) s t e p . I t i s notewrothy 
t h a t t h e normalized c a t h o d i c cu r r en t a t -0 .57 V increases 
r e l a t i v e l y to t h a t of t h e ca thod ic peaks a t -0 .77 V. It 
i s p o s s i b l y due to i n h i b i t i o n of the r edox s tep Cu —>- Cu 
as the scan r a t e i s enhanced from 0.05 to 0,1 V s , or 
some chemica l s t ep occu r s which removes Cu before i t 
can be reduced to Cu . It i s , t h u s , un l ike ly t h a t a mixed 
valence (Cu , Cu ) b inuc l ea r spec ies i s involved in the 
p re sen t e l e c t r o d e r e d u c t i o n . The anodic wave at +0,37 V 
i s cons i s ten t with a one -e lec t ron oxida t ion s t ep (Cu —>• 
Cu + s ) . followed b y an i r r e v e r s i b l e reduct ion s t e p 
a t -0 .20 V. A well conce ivab le p o r t r a y a l of cyc l i za t t ion 
of e lec t rochemica l p a t h w a y s in t h e p resen t case of s tudy 
i s d e s c r i b e d in Scheme I I . 4 . 
2 Role of the ligand L 
The coba l t ( I I ) complex [CoL C l ] ^ undergoes a 
fac i l e e lec t rochemical reduc t ion p roces s [Co ' ] , while 
t he ox ida t ion process [Co ' ] does not seem to occur 
(Scheme I I . 3 ) . This may be co r r e l a t ed to an unubiquitous 
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II .2 
(CcPL^Cl^f. 
[cuccg 
[CiiL^Cl] 
'AfCifL l^ 
[Cu^^^Cl^ ] + e" 
[ C u ^ ^ C l ] + e" 
- 0 . 5 7 V 
• ^ [ C u ^ ^ C l ] 
-0 .44V 
- 0 . 7 7 V 
> [CuV] 
( i ) , ( i i ) 
( i i i ) 
TT 2 [Cu V C I ^ ] 
+0 .37V 
> [Cu^^L^Cl^]"*" + e' (iv) 
m 2 + - - ^ - ^ ^ ^ II 2 
. . . . (v) 
SCHEME I I . 4 
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feature of the p r e sen t macrocyc le under s t u d y , to s t ab i l i z e 
t he unusual +1 oxida t ion s t a t e of coba l t r a t h e r than the 
+3 s t a t e . Or in o t h e r w o r d s , t he present 
macrocycl ic t e t r a p e p t i d e l igand h a s more diff icul ty in 
encapsula t ing t h e smal le r Co (III) ion which i s i nd ica t ive 
of hav ing i t s cav i ty s i ze (or h o l e s i ze ) l a rger than t h a t 
of t h e t e t r aaza macrocycles which usua l ly s t ab i l i ze the 
smal le r Co (III) ion. It i s w o r t h w h i l e to mention tha t t he 
r educ t ion poten t ia l ( -0 .88 V) for [Co ' ] p rocess (Scheme 
I I . 3) i s c lose enough to t h a t ( -0 .88 V) for the same 
f 278^ p rocess e x h i b i t e d b y t e t r a p h e n y l p o r p h y r i n system 
(279) The l a t t e r shows a p r e f e r e n c e for t he reduct ion s t ep 
Co ^ Co r a t h e r than t h e ox ida t ion s t e p Co >• Co 
analogous to t h a t obse rved in t h e p r e s e n t c a s e . It s t rongly 
s u p p o r t s t h e fact tha t t h e c a v i t y s i ze of t he two systems 
i s comparab le , however t h e coord ina t ing s i t e s in t he 
2 
p re sen t macrocycle (L ) a r e secondsiry amide (pep t i de ) 
moie t i es . The p resen t e l ec t rochemica l r e s u l t s obtained for 
2 
t he c o p p e r ( I I ) complex [CuL CI- ] suggest tha t the 
Cu ^=^ Cu p rocess is s t a b i l i z e d by t h i s t e t r a p e p t i d e ligand 
such t h a t t h e r e i s no indica t ion of any d i sp ropor t iona t ion 
or decomposit ion s t ep in so lu t ion . This i s p robab ly an 
add i t ion to t h e information p r o v i d e d by t h e e lect rochemical 
ev idence for t he s t ab i l i z a t i on of a low oxida t ion s ta te metal 
(275,276) , ^ I ^ n '^^ u . . . . 
ions (Co and Cu ) by a macrocycle containing 
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2^ 80^ peptide bonds, though the examples of analogue are 
also avai lable . 
CONCLUDING REMARKS 
Since the yield of the free 12-membered 
macrocycle, triethylenetetramine oxamide (L ) was not 
substantial to be used for complex formation, the synthesis 
of i t s complexes with divalent copper, nickel, cobalt, 
manganese, zinc and cadmium was performed via template 
react ions. The formation of multinuclear complexes through 
the coordination of carbonyl oxygens was prevented by using 
the metal ion in l i t t l e lesser stoichiometric quantities. 
All the complexes are 1:2 e lec t ro lytes , believed to possess 
the octahedral geometry by the coordination of two water 
molecules (the hydrated metal sa l t s MCl^.xH-0 were used) 
in each case, except the ZnCl- forms a tetrahedral complex 
supported by the available consistent data. These 
complexes do not survive in shape when dissolved in DMSO, 
hence the spectroscopic resul ts were obtained in 
acetonitr i le . 
Another novel 16-membered tetj-amido macrocycle, 
tetrabenzo[l ,6 ,9 ,14 ltetraazacyclohexadecan[2 , 5,10 ,13]tetraone 
2 (L ) , and its complexes with copper( I I ) , nickel(II) and 
2 1 
cobalt(II) were synthesized. [CuL CI ] and [NiLCl ] 
*- 2 
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happen to be non-electrolytes with metal ions in 
2 
octahedral geometry, while the cobalt complex [ CoL CI ]C1 
i s a 1:1 electrolyte with square pyramidal structure. The 
electrochemical studies of these complexes reveal an 
2 
interesting feature of the ligand L of having its abili ty 
to stabil ize the bigger low-valent copper (I) and cobalt(I) 
ions due to i t s large [N.] -cavi ty . 
All the reactions for the syntheses of these 
ligands and their complexes were performed in absolutely 
dry solvents which a r res t s the possible deprotonation of 
the amide nitrogens (-CO-NH-), slight acidic medium was 
employed sometimes, if needed, for the precipitate 
formation or crystal l ization. The presence of these 
protonated nitrogens of the amide groups in the complexes 
is a novel modification of such systems. 
p^ 
HALIDE TRANSFER FROM TRANSITION TO TRANSITION AND 
TRANSITION TO HON-TRANSITION METAL IONS FCXtMING IONIC 
BIMETALLIC SALTS 
n i . l An MCl^ Moiety (M = Copper, Nickel, Cobalt, 
Manganese, Zinc, Cadmium and Mercury) Stabilized 
by Bis(ethylenediamine)copper(II) Cation. 
[Cu(en)2][CuCl^] 
[Cu(en)2][NiCl^] 
[Cu(en)2l[CoGl^] 
[Cu(en)2][MiiCl^] 
[Cu(en)2][ZnCl^] 
[Cu(en)2][CdCl^] 
and 
[Cu(en)2][HgCl^] 
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It was cons idered e s s e n t i a l and wor thwhi le to 
eva lua te t he phenomena a s soc ia t ed with t h e formation of 
2 -
t e t r a c h l o r o complex anions (MCI ) of c o p p e r , nickel 
c o b a l t , manganese, z inc , cadmium and mercury s t ab i l i zed 
b y a t r ans i t ion metal complex such as b i s (e thy lened iam. ine) -
c o p p e r ( I I ) cat ion. Here , t h e s y n t h e s i s and charac te r iza t ion 
of novel b imeta l l i c s a l t s of t h e t y p e [CuCen)^ ][ MCl^ ] a r e 
r e p o r t e d . 
EXPERIMENTAL 
Ethylenediamine , h y d r a t e d metal ch lo r ides of 
d i v a l e n t coppe r , n i c k e l , c o b a l t , manganese and anhydrous 
ZnCl^. ^ ^ ^ ^ ^"^ ^^^^2 ^^^^^ ^^^^ ^^^^ ^^ supp l i ed . All 
t he so lvents such as MeOH and E t - 0 were d i s t i l l ed and 
f 281 ) d r i e d by conventional methods before use . 
Microanalyses of the complexes were ob ta ined on a Carlo 
Erba Analyser Model 1106. The i . r . and UV-Vis. spec t ra 
were r ecorded on a Pe rk in Elmer 621 spectrometer as 
Nujol mulls and Spectronic 21 spec t rophotomete r , 
r e s p e c t i v e l y . Conductivi ty and magnetic suscep t ib i l i t y 
measurements were c a r r i e d out on Elico conduct iv i ty b r idge 
Model CM-82T and a v i b r a t i o n sample magnetometer Model 
155 at room t empera tu re , r e s p e c t i v e l y . Chlorine was 
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precipitated from the complexes as AgCl. The e . p . r . 
spectra were recorded on a Bruker Scientific X-band 
spectrometer (ESP-300). 
Synthesis of [Cu(en)2]Gl2 
3 
A mixture of hot methanolic solution (20 cm ) 
of ethylenediamine (0,02 mol) and CUCI2.2H2O (0.01 mol) 
in methanol (20 cm ) was s t i r r ed under reflux for 5 hours. 
On cooling the contents a t 10°C overnight, dark blue 
crystals were obtained which were collected, washed with 
methanol and diethylether and then dried in vacuo. 
Synthesis of [Cu(en)2][MCl^] 
Dropwise addition of a methanolic solution (15 
3 
cm ) of divalentt metal chlorides of copper, nickel, cobalt, 
manganese, zinc, cadmium or mercury (0.01 mol) to 0.01 
mol of [Cu(en)2]Cl2 dissolved in 15 cm methanol resulted 
in an immediate coloured microcrystalline precipitate after 
shaking the mixture for 5-10 min. The precipitate was 
separated by vacuum fi l terat ion, washed with methanol 
and diethylether and dried in vacuo. 
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RESULTS AND DISCUSSION 
The elemental a n a l y s e s (Table I I I . l ) correspond 
well to t he proposed formulae of t he complexes as 
lCu(en)^]lUCl^] (M = c o p p e r ( I I ) , n ickel ( I I ) , c o b a l t ( I I ) , 
manganese(I I ) , z l n c ( I I ) , cadmium(II ) and m e r c u r y ( I I ) ) . 
Conduct ivi ty measurements of t h e b imeta l l i c species in 
-1 2 -1 
methanol (90-100 ohm cm mol ) fal l exce l len t ly in t he 
2:2 e l e c t r o l y t i c range . The r eac t ion of cupr ic ch lo r ide 
with e thylenediamine in methanol in 1:2 r a t i o y i e l d s 
b i s (e thylenediamine) copper ( I I ) d i c h l o r i d e (equation 1 ) . 
F u r t h e r reac t ion of t h i s compound with d i ch lo r ides of 
c o p p e r , n i c k e l , c o b a l t , manganese, z inc , cadmium and 
mercury gives s t ab l e ionic b i m e t a l l i c complexes (equation 2) 
CuCl^ + 2 en ^ ^ ^ " > [Cu(en)2]Cl2 . . . (1) 
[Cu(en)2lCl2 + MCl^ MeOH^ [Cu(en)2 ] [MCl^ ] . . . (2) 
(where M = C u ^ \ N i^^ Co^^ Mn^\ Zn^\ Cd^^ 
or Hg ) 
It is apparen t tha t t h e s e complexes a re formed by the 
c h l o r i d e ion t ransfer from b i s ( e thy l ened iamine )coppe r ( I I ) 
d i c h l o r i d e to the a d d e d metal d i c h l o r i d e sa l t s and, 
t h e r e f o r e , r e su l t ing in b igge r an ions , MCI " which a re 
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stabil ized by the bis(ethylenediamine) copper (II) cation. 
It is interesting to note tha t the reaction of [Cu(en) ]C1 
with [Ni(PPh 2 ) 2 ^ 2 ] and [Co(PPh^)2Cl21 yielded 
[ Cu(en) ] [ NiCl ] and [ Cu(en)2 ] [ CoCl^ ] , respectively, 
(equation 3) with the precipi tat ion of tr iphenylphosph-
ine which was separated by dissolution in diethylether 
leaving the desired product [Cu(en)2 ] [MCl^] free. The 
[Cu(en)JCL + [M(PPhO.Cl^] ^ ^ ^ " > [Cu(en),][MCl ] . . . (3) 
2 - 2 i l l -2PPh3 
(where M = Ni(II) or Co(n) ) 
products of th i s reaction gave the same results as that 
of the reaction of the precursor [ Cu (en)- ]C1„ with 
dichlorides of nickel and cobalt , indicating that the 
triphenylphosphine molecules have been replaced by the 
ionic chlorides of the precursor . The quantitative 
estimation of chloride ion as AgCl confirms the presence 
of four chloride ions in all the bimetallic species. 
The e . p . r . spectra of the crystall ine sample of 
[Cu(en) ]C1- and the powdered samples of the bimetallic 
[Cu(en)2][MCl^l species (where M = Cu(II), Zn(II) , Cd(II) 
or Hg(II)) are identical , showing similar g values 
(gj. = 2.09 and g. = 2 .06) , thus providing supporting 
evidence for a square planar (or a distorted tetrahedral) 
68 
(2H2) 
configuration around the copper(II) ion 
The electronic spectral bands, their possible 
assignment of the transit ions and the observed magnetic 
moment u -^(uB) values are given in Table III.2. In this 
table the complexes have been arranged into two groups 
as follows : 
(a) [Cu(en)2]Cl2 and lCu(en)^][MCl^], M = zioc(ll), 
cadmiuin(II) atxi mercury (II) : The electronic spectra of 
these complexes vary sl ightly concerning the position of 
d-d bands, while aborption band in the u .v . region of 
the bimetallic species remains nearly unaltered (Fig I I I . l ) . 
The peak in the vis ible region is definitely assigned to 
2 2 9 
the T^ >- E transition due to d system of copper(II) 
ion . The absorption band at about 260 nm, for 
the bimetallic complexes containing te t rahedral zinc (II) , 
cadmium(II) and mercury(II) , is unambiguously attributed 
to the ligand to metal charge-transfer (CI—^M), revealing 
2-
the presence of MCl^  moieties in these complexes. It is 
clear that the X^^^)^ value in vis* region is blue-shifted 
as the size of zinc group metals increases. This unusual 
behaviour of zinc, cadmium and mercury in combination 
with copper (II) xay be correlated with the increasing 
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F i g I I I , 1 : UV-Visible spectra o t t h e c o m p k x t S Q t d i f fe ren t scales ' 
( a ) [ C u { « n ) 2 n C u C I J , ( b} [Cu( t n j j ) IZnCI^ ] (c) t Cu( tn)^} tCdCl J and 
( d ) ! C u ( f n ) 2 ] I H g C l J 
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atomic radi i of these metal ions. The recorded magnetic 
susceptibil i ty of the mononuclear and all the binuclear 
complexes show u j:r(P^) value in the range 1.73-1.78 uB 
corresponding to one unpaired electron of copper(II) ion. 
This suggests that there is no remarkable influence of the 
d system of zinc, cadmium and mercury on the single 
unpaired electron available on copper(II) ion. 
(b) [Cu(en)2]IMCl^], M = copper(n) , nickel(n) , 
cobalt(II) and manganese(II) : These complexes were 
studied with an intention to observe the interaction of 
paramagnetic centres in these bimetallic species. The 
observed magnetic moment value of [Cu(en)2 ][CuCl. ] is 
2.45 uB which lies between the calculated magnetic moment 
(spin only) values of one (1.73 uB) and two (2.82 cB) 
unpaired electrons but the tendency is more towards the 
la t te r . Since the complex contains two copperd i ) ions, 
hence the expected observed u .-(uB) value should 
correspond to two unpaired electrons, but 2.45 iiB does 
not reach the value, which suggests that the complex ions 
are not arranged in regular te t rahedra l symmetry leading 
to the zero orbital contribution to u .-(uB) value The 
fefi.J 
similar trend is observed in the otther complexes (Table 
III.2) containing the paramagnetic nickel(II) , cobalt(II) 
72 
and manganese( II) in dis tor ted te t rahedral geometry, thus 
[Cu(en)-] unit also connplies with the same degree of 
distortion in geometry. The electronic spectral bands and 
their possible assignments are indicated in Table 111,2. 
[Cu(en)- ][CuCl. ] shows two bands, one each in visible 
9 
and ultraviolet region assigned to the Cu(II) d tetrahedral 
? 2 -
d-d band ( T-—>• E) and the ligand to metal (CI —>- M) 
charge transfer t ransi t ion, respect ively , which is in 
/ p Q C \ "?_ 
accord with the observations reported for CuCl^ . 
2- 2-
For the complexes containing NiCl^ and CoCl^ , two weak 
and broad visible spectral bands were observed in each 
case, 685 nm, 610 nm and 678 nm, 520 nm, respect ively. 
The f i rs t low energy band, in each case is assigned to 
g 
the overlaping of d-d bands resulting from Ni(II) d (Td) 
7 9 
and Co(II) d (Td) with that of respective Cu(II) d (Td). 
3 3 
The lowest energy d-d bands i . e . , T.(F) —>• "^2^^^ ^""^ 
'^ A (F) * '^^ T2(F) for NiCl^~ and CoCl^~, respect ively, 
were not observed because they lie outside the spectral 
range studied. While in [Cu(en)^ ][MnCl. ] complex, four 
distinct bands were observed, low energy visible band 
2 2 
assigned to T^ ^ ^ °^ Cu(II) ion and the three high-
energy visible bands were thought to be due to the spin-
forbidden d-d transitions arising from ground state A 
5 
of Mn(II) d (Td) system. The sharp highest-energy 
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absorption bands in the u . v . region exhibi ted by all these 
complexes are definitely a t t r ibuted to the ligand to metal 
(CI —>• M) charge-transfer t ransi t ions. The presence of 
sharp intense bands in the electronic spectra of these 
complexes supports the c l a i m that they are nearly 
te t rahedra l ly arranged where d-p mixing i s possible due 
to which differentiation between ligand-field and charge-
transfer bands in Td compounds becomes difficult. 
The i . r . spectrum of the precursor , [ Cu(en) „ ]C1„ 
exhibi ts an intense absorption band at 3233 cm which 
is assigned to v(N-H) of the primary amine- Two sharp 
absorption bands observed at 1061 and 1384 cm are due 
to -^(C-C) and V(C-N) modes, respec t ive ly . A sharp peak 
-1 . seen at 450 cm is assigned to l / (Cu-N). The bimetall i c 
complexes show similar i . r . bands except that one 
additional band has been observed in 290-315 cm*^ range 
which is associated with the m e t a l - chlorine stretching 
2-
frequency of MCl^ moiety. These resul ts tally finely with 
the previous observations * . 
111*2 Halide Transfer from Bis(diethylenetriamine)copper(II) 
d ichlor ide to Tin(rV) h a l i d e s and OrgaDotin(IV) 
ch lor ides . 
[Ca(dien)2]lBii^SnCl^] 
[Cxilditin)^][Fh^Si<n.j^] 
[Cu(dien)2J[Sna^I 
[Cu(dien)2][SnBr^Cl2] 
and 
lCu(dien)2][Snl4Cl2] 
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To extend the chemistry of hal ide transfer from 
transition to non-transition metal, it has been attempted 
to utilize the halide abstraction abi l i ty of Sn(IV) from 
a transition metal complex such as bis(diethylenetr iamine)-
copper dichloride- Herein the reactions of several Sn(IV) 
compounds such as Bu-SnCl, Ph-SnCl^» SnCl., SnBr. and 
SnI with [Cu(dien) ]C1 are s tudied. 
EXPERIMENTAL 
Diethylenetriamine (Koch l i gh t ) , ^^^^2 (^^^^' 
Bu SnCl, Ph SnCl , SnCl^, SnBr^ and Snl^ (Fluka) were 
used as received. MeOH and DMSO were dis t i l led and dried 
before use. 
Physical measurements 
Microanalyses were made on a Carlo Erba 
Analyser Model 1106. Molar conductances were measured 
at room temperature on a Digisun electronic conductivity 
bridge. The i . r . spectra (200-4000 cm ) were recorded 
on a Carl Ziess Specord M-80 spectrophotometer as Nujol 
mulls and electronic spectra were recorded on a Shimadzu 
u . v . - v i s . spectrophotometer Model 60, The e . s . r . spectra 
were measured on a Bruker Scientific X-bands spectrometer 
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(ESP-300) using a 100 KHz f ie ld modulation and quartz 
sample t u b e s . The g va lues de te rmined were ca l ib ra t ed 
with DPPH powder , g = 2 .0036 . Chlorine was es t imated 
by a g rav imet r ic method . Tin was es t imated as SnO-
whereas copper ana ly s i s was made on a Schimadzu AA-6A0 
Atomic Absorpt ion/Flame Emiss ion spec t rophotometer . 
Magnetic s u s c e p t i b i l i t i e s of t h e compounds were measured 
using a Cahn 2000 Fa raday magnetic ba lance ca l ib ra t ed with 
Hg[Co(NCS)-] a t room t e m p e r a t u r e - All react ions were 
c a r r i e d out a t room t e m p e r a t u r e under nitrogen a tmosphere . 
Preparation of [Cu(dien)^]Cl-
{286^ 
It was syn thes i zed b y a r e p o r t e d method 
Preparation of [Cu(dien)2][Bu^SnCl„ ] 
Bu^SnCl (3.25 g, 0.021 mol) d i s so lved in carbon-
3 
t e t r a c h l o r i d e (25 cm ) was a d d e d d ropwi se to a methanolic 
solut ion (2 5 cm ) of [CuCdien)^ ]C1 (3.40 g, 0.01 mol). 
This mixture was warmed and lef t a t room temperature 
for 20 days when blue c r y s t a l s s e p a r a t e d out. They were 
f i l t e red and d r i ed in vacuo. 
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Preparation of [Cu(dien)2][Ph^SnCl^] 
To a methanolic solut ion (25 cm ) of [CuCdien)^ ICI^ 
(3 .40 g. 0,01 mo l ) , Ph^SnCl^ (3.43 g, 0.01 mol) d i s so lved 
in 2 5 cm^ CCl. was added d r o p w i s e . The solution turned 
from b lue to yel low which was warmed and kep t s tanding 
at ambient t empera tu re for over t h r e e weeks when yello-sr 
c r y s t a l l i n e compound was o b t a i n e d . They were f i l te red and 
d r i e d in vacuo-
Preparation of [Cn(dien)2][SnX^Cl2 ] , (X = CI, Br, I) 
These compounds were s y n t h e s i z e d by a slow 
a d d i t i o n of SnX. (0 .01 mol) d i s s o l v e d in CCl^ (2 5 cm ) 
3 
to a methanolic solution (2 5 cm ) of [Cu(dien)2]Cl2 (3.40 
g, 0.01 mol) . This afforded immediate p rec ip i t a t e s 
which were s t i r r e d for 30 minutes , f i l t e r e d , washed t h r i c e 
wi th MeOH and d r i ed in vacuo. 
RESULTS AND DISCUSSION 
Copper (11) c h l o r i d e r e a c t s with d ie thy lene t r i amine 
in a 1:2 r a t i o in MeOH to y i e ld [Cu(dien) ]C1 , and t h i s 
complex r e a c t s eff ic ient ly with t in(IV) ha l ide s and 
organotin(IV) ch lo r ide s (eq 1-5) to y i e ld [Cu(dien) ] -
[Bu^SnCl^], !Cu(d ien)2 ] [Ph2SnCl^] , 1 Cu(dien)2 ][SnCl^ ] , 
[Cu(dien)2][SnBr^Cl2] and [Cu(dien)2 ] [ Snl^Cl^ ] . The 
77 
Bu.SnCl 
[Cu(d ien) , ]C l_ > [Cu(d ien) HBu SnCl ] . . . (1) 
^ ^ MeOH "^  
Ph SnCl^ 
[Cu(d ien)^CL 1 ^ [ C u ( d i e n ) - ] [ Ph .SnCl . ] . . . (2) 
^ ^ MeOH ^ '^ 
SnCl 
[Cu(d ien) . ]Cl_ ^ [Cu(d ien) ][SnCL ] . . . (3) 
^ ^ MeOH 
SnBr. 
[Cu(dien)^]CK Z > [ C u ( d i e n ) - ] [SnBr .CI ] . . . (4) 
2 2 MeOH ^ ^ ^ 
SnI 
[Cu(dien)2]Cl2 V [CuCdien)^ ] [Snl^Cl^ ] . . - (5) 
MeOH 
elemental analyses (Table 111,3) a r e in good agreement with 
t h e p roposed composition of t h e compounds. They are 
s l i g h t l y hydroscop ic in n a t u r e . The molar conductances 
(Table I I I .3 ) of these s a l t s in DMSO a t room temperature 
show t h a t they are 2:2 e l e c t r o l y t e s . I t is suggested 
t h a t t h e s e compounds a r e formed b y the t r ans fe r of the 
two c h l o r i d e ions from [ C u ( d i e n ) - ] C 1 - to the tin(IV) 
h a l i d e s or organotin(IV) c h l o r i d e s . In t h i s way the 
b i s ( d i e t h y l e n e t r i a m i n e ) copper (11) cat ion i s s t ab i l i zed by 
t in( IV) anionic s p e c i e s . 
The room t e m p e r a t u r e e . s . r . spec t ra of a l l 
b ime ta l l i c po lyc rys t a l l i ne samples a r e s imi l a r ' showing an 
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axial signal with g.. = 2.268 and g. = 2.056 (g - 2.13), 
in agreement with the octahedral stereochemistry of the 
copper (II) ion . The nuclear hyperfine coupling is 
observed in the g.. signal with three of the four 
components resolved, the las t one being obscured by the 
g component. Lowering the temperature to 110 K narrows 
the signal but the g values remain unaltered. Therefore, 
the orbital ground state of the copper (II) would be 
basically d 2_ 2 and the CuN, would be statistically 
d is tor ted . 
The electronic spectra of [Cu(dien) ]CL and the 
bimetallic species were run in MeOH and DMSO at 2 5°C, 
respect ively, and expanded wherever possible. The 
electronic spectral bands ( the i r assignments) of all the 
compounds are listed in Table III. 4, The electronic 
spectrum of [Cu(dien)-]C1 exhib i t s a high intensity charge 
transfer band at 2 56 nm. A broad and weak d-d band 
2 2 
observed at 62 0 nm is character is t ic of E ^ T^  
g 2g 
transition in an octahedral environment of copper(II) ion. 
The electronic spectra of bimetallic salts exhibit a band 
in 287-302 nm range assignable to ligand to metal charge 
(288 ^ 
transfer , the bands in vis ible region in 656-648 nm 
2 2 
range are due to the E ^ T transition of Cu(II) ion. 
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The d-d bands centred at around 900 nm is characteristic 
9 
of the d-d transition (d 2 2 >• d 2) in the d system 
X -y z ^ 
of the copper(II) ion in a hexa-coordinated configuration. 
It reveals that the hexa-coordinated copper(II) ion of the 
bimetallic salts is in d is tor ted octahedral geometry with 
the z ligands in. The observed magnetic moment value of 
all the compounds is in 1.73 to 1.78 uB range due to the 
presence of one spin electron. This supports our 
proposition for believing tha t copper(II) ion maintains a 
prominent octahedral geometry as a paramagnetic centre 
with one unpaired electron. On th is basis it may be said 
that the presence of tin(IV) in these sal ts does not change 
the paramagnetism of the copper(II) ion. 
The i . r . spectral bands of a l l the compounds 
are given in Table III . 5. The i . r . spectrum of 
[Cu(dien)^ ]C1 shows two adjacent bands at 3230 cm and 
3145 cm attributed to N-H) of the primary and 
secondary amines of the dien, respec t ive ly . The o(N-H) 
appears at 1590 cm * Two sharp absorption bands (1061 
cm~^ and 1348 cm"'^) are due to l/(C-C) and l/(C-N) modes, 
respect ively . A band of medium intensity is observed at 
4 05 en: assigned to u-N). All these bands remain in 
their positions in the i . r , spectra of the bimetallic salts . 
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However , t he i . r . spec t r a of t he b i m e t a l l i c spec ies exh ib i t 
some worth mentioning a d d i t i o n a l b a n d s . [CuCdien)^ ] -
[Bu-SnCl„] e x h i b i t s one band a t 530 cm due to ifiSn-C). 
Other two bands a re o b s e r v e d a t 2 90 cm and 320 cm 
ass igned to l/iSn-Cl) of t h e [Bu^SnCl^] anion . The 
compound [CuCdien)-][ Ph2SnCl^] shows s i m i l a r bands a t 
t h e same pos i t ions . The i . r . spec t rum of t h e sa l t 
[Cu(d ien)^] [SnCl , ] e x h i b i t s a l s o two d i s t i n c t bands in t he 
2 0 
far i . r . region at 296 cm and 322 cm due to 
2 -
of t h e [SnCl/ ] moiety. However , t h e i . r . spectrum of 
6 
the s a l t s containing bromine and iodine a re s imi lar except 
t h a t in t h e far i . r . region t h e r e i s some va r i a t ion . The 
l / ( S n - C l ) a p p e a r s as a d i s t i n c t band a t 32 0 cm in the 
i . r . spec t r a of [Cu(dien)- j[SnBr.Cl^ ] and [ C u ( d i e n ) - ] -
[ S n I . C l - ] . A ve ry s h a r p a b s o r p t i o n band o b s e r v e d at 22 0 
cm h a s been r e l a t e d to t i n -b romine s t r e t c h i n g 
frequency . On t h e o t h e r h a n d , t h e "j/CSn-I) appeared 
a s a d i s t i n c t band at 210 cm 
CONCLUDING REMARKS 
This chap te r i s based on to examine the 
phenomenon of ha l i de ( c h l o r i d e ) t r a n s f e r from a t rans i t ion 
metal complex to t rans i t ion and non- t rans i t ion metals giving 
84 
r i se to complex anions s tabi l ized by the transition metal 
Cu(n) complex cation. The reaction of bis(ethylenediamine)-
copper(II) dichloride with divalent copper, nickel, cobalt, 
manganese, zinc, cadmium and mercury chlorides results 
2 -
the formation of complex MCl^ anion stabilized by 
bis(ethylenediamine)copper(II) cation. The results indicate 
that these bimetallic sa l ts are 2:2 electrolytes ( i . e . ; each 
ion is divalent) in which the metal ions are arranged in 
dis tor ted tetrahedral structure leading to the decreased 
observed magnetic moment values than the respective 
calculated spin - only values. This is because of the fact 
that the distorted geometry reduces the symmetry which 
inturn reduces the orbi ta l contribution to the magnetic 
moment value. Since ligand-field strength of the CI " ion 
is believed to be low, all the bimetallic complexes remain 
h i g h - s p i n as indicated by the i r observed u rrCpB) values 
and the electronic spectra . Another similar kind of reaction 
was observed between bis(diethylenetriamine) copper (II) 
dichloride and tin (IV) hal ides and organotin(IV) chlorides 
resulting in the transfer of chloride ions from the 
copper (11) complex to the respec t ive tin(IV) metal ion to 
form novel ionic bimetallic sa l t s in which both the metal 
ions are hexacoordinated. The electronic spectra of the 
complexes reveal that Cu(II) ion lies in a distorted 
85 
octahedral geometry exhibi t ing two absorption bands in 
the visible region- The low-energy absorption band 
( ^^ 900 nm) is due to the sp l i t of e level orbitals in 
which a transition d 2 2 ^ d 2 takes place indicating 
X - y 2 ^ ^ 
the shortening of z-axis metal-ligand bonds to form a 
depressed-octahedral structure with z ligands in. These 
salts are 2:2 electrolytes. The estimation of chloride ions 
is a good tool to confirm the formulations of these 
compounds. Since the precursor complexes, [Cu (en)-,] Gl-
and [Cu(dien)-]C1_, contain the chlorides in ionic form, 
it is easy for the transit ion metals and tin(IV), 
respect ive ly , to abstract these chloride ions resulting in 
the extension of coordination number. 
INTERACTION OF RARE-EARTH IONS WITH PHYTIC ACID 
(PAH 12) AND A SCHIFF-BASE HEXAAZA-MACROCTCLIC LIGAND 
(L^) DERIVED FROM BENZIL AND DIETHYLENETRIAMINE 
IV. 1 Equilibrium Studies on Interaction of Rare-fiarth 
Ions with Phytic Acid (PAH,„) 
H2O3P0 
H2O3P0 
0PO3H2 
( PAH^2) 
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The unusually diverse applications of lanthanide 
ions as chemical probes in a broad variety of chemical, 
biological, geological and environmental systems provide 
an incentive to study the i r behaviour towards biologically 
important molecules such as phytic acid- Herein the 
interaction of rare-ear th ions with phytic acid in aqueous 
solutions t h r o u ^ pH metric studies is descr ibed. 
EXPERIMENTAL 
Apparatus and Reagents : A digital pH-meter (Elico, Model 
LI-120) in combination with a glass electrode was used. 
pH meter was standardized with the standard buffer 
solutions. Perchloric acid (Riedel) , sodium perchlorate 
and potassium perchlorate (Trizma), sodium hydroxide, 
potassium hydroxide and oxalic acid (BHD) were used as 
received. Their solutions were prepared in CO--free double 
d is t i l led demineralized water. The reagent grade trivalent 
lanthanide chlorides were used as such, their solutions 
were made in 0.15 M HCIO. in order to prevent hydrolysis . 
Sodium phytate solution was converted into phytic 
acid by ion-exchange method using an Amberlite IRN77(H) 
res in . It was eluted three times through freshly prepared 
resin column in order to minimise the sodium ion 
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concentration in the solution. The concentration of phytic 
acid was determined t i t r imetr ica l ly . 
Procedure : Strength of the stock solution of perchloric 
acid was determined by t i t ra t ion against standard sodium 
hydrox ide . It was then diluted to 0.15 M. The 
concentration of the metal ions was determined by 
(291) 
volumetric t i tration . "Calvin-Bjerrum" ti tration 
technique as modified by "Irving and Rossotti" was 
foil owed ^^"^^^ 
The two sets of following solutions were prepared, 
one t i t ra ted separately against standard sodium hydroxide 
(0,192 M) and the other against standard potassium 
hydroxide (0.192 M). 
( i ) 0.15 M HCIO^ 
( i i ) 0.15 M HCIO. + 0.005 M phytic acid and 
( i i i ) HCIO. (0.15 M) containing metal ions (0.005 M) 
+ 0,005 M phytic acid. 
Th e volume of the above solutions, in each set , was kept 
at 50 mL by suitable dilutions and ionic strength was 
maintained at 0.1 M by sodium perchlorate (1 M) and 
potassium perchlorate (1 M), respect ive ly . The approximate 
values of proton ligand stabil i ty constants, pK^ were obtained 
88 
by pointwise calculations at respect ive pH and, proton-
ligand formation number, n. values were calculated from 
first two ti tration curves in Fig IV, 1. 
In the entire investigations, very dilute solutions 
were employed eliminating the possibi l i ty of polymerization . 
The hydrolys is of metal ions was prevented by working 
with solution in low pH range. From the th i rd titration 
curve (Fig IV. 1) , the metal-ligand formation number n, 
the free ligand exponent pL and finally the metal-ligand 
stabil i ty constants logK were calculated. 
Calculations : The following equations were used to 
calculate various parameters. 
pH = -loglH""] 
C^ + [H""] - [OH"] 
SA 
In the t i t rat ion of phytic acid against standard a lkal i , 
Y represents the average number of t i t rable hydrogen atoms 
ionized, C is the concentration of alkali added ( i . e . , 
in two sets of titration NaOH and KOH were t i trated 
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Fig r v . l : T i t ra t ion curves of so lu t ions ( i ) HCIO., ( i i ) HC10> 
Phy t i c a c i d , ( i i i ) HCIO, containing metal ions (Ce-^ "^  
cu rve shown h e r e ) + P h y t i c acid agains t (a) NaOH 
(^ = 0.1 M NaClO^) and (b ) KOH (u = 0.1 M KCIO ) 
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d i r e c t l y against phy t i c a c i d ) , [ OH ] was calcula ted from 
pK =5:13.75 and C ^ , i s the concentra t ion of p h y t i c ac id . 
^ w PA ^ 
n^ = Y - [. 
(V^-V^) (E° + N°) 
(V^) \ 
In th i s relation n. represents the proton-ligand formation 
number, Y is the number of dissociable protons attached 
to the ligand (phytic a c i d ) , V and V are the volumes 
of a lkal i of normality N consumed in t i t rat ion against the 
solution (i) and ( i i ) , respect ive ly . E is the initial 
concentration of the free mineral acid (HCIO.), V^ is the 
total init ial volume of the solution t i t ra ted and T^  i s the 
initial total ligand (phytic acid) concentration. 
The formation curve was obtained by plotting 
the calculated values of n. versus corresponding pH 
values, in order to obtain the proton-ligand stabil i ty 
constants pK as : 
"A 
pK = pH + log 
^ - " A 
when n^ equa l s unity or l e s s than 1, and 
P K " = pH + log ^ ^ 
2 - "A 
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when n . equa l s 2 or l e s s than 2 . In t h e s e two equations 
Y r e p r e s e n t s the number of r e p l a c e a b l e hydrogen protons 
a t the r e s p e c t i v e pH value. 
(V3 ' V^) ( E ' ' + N°) 
(V, - Vp . n^ T^ 
In t h i s r e l a t i o n , "n r e p r e s e n t s t h e l i gand-meta l forma tior. 
number , V i s t h e volume of a l k a l i consumed in t i t r a t i on 
aga ins t solution ( i i i ) and T^^ i s the to ta l in i t i a l 
concentra t ion of the metal s a l t ( l an than ide ion) a d d e d . 
The free l igand exponent pL was ca lcu la t ed by the repor ted 
(293) _ 
equat ion . The metal - l igand s t a b i l i t y constants log h. 
were obtained by p lo t t ing n v e r s u s free l igand exponent 
pL by making t h e se lect ions of po in t s th rough the p l o t s . 
log K = pL + log 
1 
And, f inal ly t he tota l Gibbs' energy change was obtaine: 
from the equation AG = -RTlnK. 
RESULTS AMD DISCUSSION 
Since the change in t e m p e r a t u r e d id not effect 
t h e d i s soc ia t ion and s t a b i l i t y cons tan t s of phy t i c adz 
92 
significantly, all experiments were performed at 2 5°C. 
A comparison of the t i t ra t ion curve of phytic acid (Fig 
IV, 2) with that of oxalic acid under similar conditions, 
showed that phytic acid acts as a quasi-diprotic acid. 
It is due to the presence of two dissociable protons on 
each phosphate group that behaves as individual enti ty. 
The charges developed on various species in solution lie 
on the concerned phosphate groups because phytate ion 
as a whole is too big to be regarded as a point charge. 
u 
Proton-ligand s tabi l i ty constants (pK„) for phytic 
acid determined at 25'^ C in aqueous NaClO^ (1 M) and KCIO^ 
(1 M) media at O.I M ionic strength are l isted in Table 
u 
IV, 1. The term pK is represented by pK that shows the 
a '-
extent of binding of protons to phytic acid where ' Y' is 
the total number of protons dissociated. It was found that 
H the lesser the value of pK^, the greater the dissociation 
of proton (or lesser the proton-phytic acid s tab i l i ty ) , 
while higher value for pKy shows firm proton-phytic acid 
association. It is observed from the resul ts obtained in 
NaClO medium that two protons are very highly acidic 
u 
released at pH 1.2-1.8 (pK^ 1.2). Next six protons 
H H dissociate in pH range 2.0-4.8 (pK 2.48-pK" 4.88), two 5 8 
protons in pH range 5.0-8.0 (pK^ 6.03-pK J^ 8.03) and last 
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Alkali (mL) 
Fig IV*2 : T i t ra t ion curves for free p h y t i c acid ve r sus s tandard 
NaOH {-M-9-) and KOH ( v ^ n ) . 
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two protons being very weakly acidic are released between 
pH 8.3-11.0 (pK^. 8.4-pK^2 10.6) . While in aqueous KCIO^ 
medium, as indicated by the resul ts (Table IV. 1), the 
u 
corresponding pKy values for the release of two, six and 
last four protons increases- It indicates that protons are 
strongly bound to phytic acid in the presence of potassium 
ions which are bigger in ionic size than that of the sodium 
ions. Having only the phytic acid dissociation constant 
u 
pK" values, the conformation oi phytic acid in pH range 
studied can not be discussed. Nevertheless, taking into 
account these values, the ionization process of phytic acid 
could be deduced. Since eight protons are acidic, two 
moderately acidic and rest two least ac idic , it seems 
8— possible to ensure that at least the PAH^ species exists 
at pH 4.4-5.0 (in aqueous NaClO, medium) and pH 5.5-6.1 
(in aqueous KCIO. medium), which reflects strong hydrogen 
bonding (Fig IV.3), that surely exists among the phosphate 
groups of 5-ax/l-eq conformer of phytic acid. 
These acid dissociation studies provide a good 
tool of understanding the behaviour of phytic acid towards 
various metal ions because the proton (H^) competes with 
metal ions in complexation with various charged donor sites 
of a ligand. It i s , thus, l ikely that phyla te exhibits the 
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Fig IV.3 : Structure of phytic acid showing 
hydrogen bonding. 
same affinity for various monovalent cations leading to the 
formation of complexes in solution. Other considerations 
also confirm such reactions, for example, the empirical 
hard-soft-acid-base rule of "Pearson" suggests that hard 
metal ions prefer to coordinate with hard ligands and soft 
metal ions coordinate preferentially with soft l igands. Small 
cations with low polar izabi l i t ies , such as alkali-metal ions 
have been called ' ha rd -ac ids ' and form the most stable 
complexes with electronegative atoms such as fluorine, 
oxygen and nitrogen which belong to the 'hard-base ' c lass . 
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The bonding in these complexes is largely ionic. Phytate, 
containing 18 potential donor oxygen atoms, appears to be 
part icular ly favourable for the formation of complexes with 
alkali-metal ions, here Na ion preferably binds to phytate 
due to i ts smaller ionic size than that of the K ions. 
However, corresponding to the "n values, the metal-
ligand formation number, infer that there is weak 
complexation in 1:1 ratio between phytic acid and trivalent 
lanthanide ions, though the l a t t e r ' s concentration was 
increased in other sets of t i t ra t ion. It is apparent from 
logK (Table IV. 2) that the s tabi l i ty of these complexes 
decreases with an increase in pH. The resul ts indicate 
the interference of increasing sodium and potassium ion 
concentration in the complexation of phytic acid with r a r e -
earth ions. Phytate ion containing 18 active donor oxygen 
atoms, i s a hard-base and preferably complexes with 
sodium and potassium ions reducing the avai labi l i ty of 
phytic acid for complexation with lanthanide ions. And, 
more so , these investigations were performed in aqueous 
NaClO. and KCIO. media which again provide enough Na^ 
and K ions for the complexation with phytate. Hence, 
there are least chances of complexation of trivalent 
lanthanide ions though comparab le in size to that 
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of alkali-metal ions (sodium, potassium). In aqueous KCIO^ 
medium, there is a slight increase in the s tabi l i ty constant 
(logK) values of lanthanide complexes with phytic acid 
than that exhibi ted in the aqueous NaClO^ medium (Table 
IV.2) indicating the preference of the phytate to bind the 
available cations in an decreasing order as : H ^ Na ^ 
K"^  y Ln^ "^  (lanthanide tr ivalent cation). 
The weak complexation of lanthanide ions compared 
to that of alkali-metal and transition metal ions may be 
due to the i r larger s ize , comparatively low electronega-
t iv i ty and deeply burried 4f-orbitals (not taking part in 
binding). 
Fig IV. 4, a plot of s tabi l i ty constants of phytic 
ac id - l an than ide ion complexes, logK Vs. 1/r (where ' r ' 
is the ionic radi i of the lanthanide ions in A°) shows a 
straight line except for a slight 'Gadolinium-Break" which 
is at t r ibuted to the extra s tabil i ty of the half filled 4f 
arrangement of Gd ion. It implies that the metal-ligand 
interaction is predominantly electrostatic in nature resulting 
in the formation of ionic complexes. The logK and the corres-
ponding -AG values at pH-^-4.0 (u = 0.1 M aq. NaClO. ) listed 
in Table IV.3 show that the s tabi l i ty of the complexes of 
phytic acid with trivalent lanthanide ions follows the 
order: Ho > Dy > Tb > Sm ? Gd > Nd > Pr ;^  Ce. 
100 
5.0 
4.9 -
4.8 -
4.7 -
f 4.6 h 
CT 4.5 h 
4.4 
4.3 
4.2 
4.1 
Ho* 3 
3 r . ^ *3 Sm*JGd 
0.96 1.0 1.02 1.06 
1 / r a d ( u s ( A ^ ) — » • 
1.10 
Fig rv.4 : Plot of logK of rare-ear th complexes of 
Phytic acid versus 1/radius of Ln(III) ions. 
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Table IV.3 : LogK and Corresponding -AG Values of 
Complexe Formation Between Ra re - ea r th Ions 
and Phy t ic acid a t p H ^ 4 . 0 (u = 0.1 M NaClO ; 
Temp. = 25±1°C) ^ ^ 
L n ( i n ) logK -AG kJ mol"^ 
Ce 4.106 23.314 
P r 4.240 24.340 
Nd 
Sm 
Gd 
Tb 
Dy 
Ho 
4.390 
4.390 
4.555 
4.598 
4.630 
4.662 
24.840 
26.215 
25.731 
26.261 
26.300 
26.620 
(Ln = Lanthanide ion) 
rv. 2 Coordination Propert ies of Lanthanide Ions with 
3 
a Schiff -base Hexaaza-macrocyclic Ligand (L ) 
der ived from Benzil and Oiethylenetriamine 
^ ^ 
rm 
U H M 
Hz 
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Schiff-bases offer a versat i le and flexible series 
of ligands capable of binding f-metal ions to give 
complexes with suitable propert ies for theoretical studies 
and practical applications. Since there is a possibil i ty 
of using lanthanide(III) ions in the template syntheses of 
Schiff-base macrocycles, the i r complexes with a hexaaza-
macrocyclic ligand (L ) derived from benzil and diethylene-
triamine are reported and character ized, with a brief 
extension of their equilibrium studies in aqueous solutions. 
EXPERIMENTAL 
Diethylenetriamine, benzi l , sodium hydroxide, 
potassium hydroxide (BDH), sodium perchlorate and 
potassium perchlorate (Trizma), perchloric acid (Reidel) 
and lanthanide(III) nitrates and chlorides (Aldrich) were 
commercially obtained and used without further purification. 
All solvents were dist i l led and dried before use. 
Microanalyses were obtained on a Carlo-Erba Analyser Model 
1106. The i . r . spectra were recorded as Nu jol mulls on 
a Carl-Zeiss Specord M80 spectrophotometer while the 
electronic spectra were measured on a Pye-Unicam 8800 
(Phi l ips , Holland) UV-Vis spectrophotometer at room 
temperature. Molar conductance measurements were made 
on a Digisun electronic conductiivity bridge at room 
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t e m p e r a t u r e . Magnetic s u s c e p t i b i l i t i e s were rreasured a t 
20°C using F a r a d a y balance c a l i b r a t e d with Hg[ Co(NCS)^]. 
The H n . m . r . spec t r a were obta ined on a Jeol-100 X 
s p e c t r o m e t e r wi th SiMe^ as in t e rna l r e f e r e n c e . Thermograms 
were ob ta ined with a Perk in Elmer ATG-7 thermogravimet r ic 
system with a hea t ing r a t e 20°C min. in nitrogen 
a t m o s p h e r e . The l an than ide metal ion ana lyses were made 
on a Schimadzu AA-6A0 Atomic Absorpt ion/Flame Emission 
s p e c t r o p h o t o m e t e r . 
pH measizrements 
All t he pH measurements were made with an Elico 
d i g i t a l pH m e t e r , Model LI 120, equ ipped with a Model 
CL 51 combination e l ec t rode g lass-AgCl , NaCl (2 M). 
S tandard buffer t a b l e t s (Glaxo) of pH 4 ,00 , 6.00 and 9.00 
were used for c a l i b r a t i on of t he pH me te r . The glass 
e l ec t rode was c a l i b r a t e d as a hydrogen-concent ra t ion probe 
by t i t r a t i n g known amounts of HCIO^ with CO^-free NaOH 
solut ions and determining t h e equiva lence points by 
(294) 
r e p o r t e d methods which al lowed to de termine the ionic 
p roduc t of water [ pK s^ 13.73 at 2 5°C in 0.15 M NaClOJ . 
Solutions were p r e p a r e d in de ionized water d i s t i l l e d from 
a lka l ine permanganate in an a l l - g l a s s a p p a r a t u s . The ionic 
s t rength ad jus tments were made using 1 M NaClO^ or 1 M 
104 
KCIO . The solution of tr ivalent lanthanide chlorides were 
prepared in 0.15 M HCIO^ in order to prevent the 
hydrolys is of the metal ions and their concentrations were 
(291) 
determined by volumetric t i t rat ions • "Calvin-Bierrum" 
t i t rat ion technique as modified by "Irving and Rossotti" 
was followed . The method and calculations are 
described in previous part (IV,1) of this chapter . 
Template syntheses of the complexes 
To a refluxing mixture of diethylenetriamine 
3 (0.2 mol) and benzil (0.2 mol) in methanol (90-100 cm ) 
was added a solution of the lanthanide(III) nitrate (0,1 
3 
mol) of Ce, P r , Nd, Gd, Tb or Dy in methanol (15 cm )• 
The solution was s t i r red vigorously using magnetic s t i r r ing 
system. The refluxing was continued for 3 hours when a 
yellow precipi ta te began to deposite. The product was 
filtered off, washed with methanol and dr ied in vacuo. 
RESULTS AND DISCUSSION 
Successful attempts were made to synthesize the 
free macrocyclic ligand by the condensation reaction of 
diethylenetriamine with benzil in methanol at reflux, but 
the unsubstantial yield (20-30%) of the product raised a 
105 
restr ict ion for using it in direct complexation with trivalent 
lanthanide ni t rates- Hence, the template syntheses of the 
complexes were performed and characterized by various 
physicochemical methods. The reaction of hydra ted lanthanide 
nitrates with diethylenetriamine and benzil in 1:2:2 ratio 
(Scheme IV. 1) in refluxing methanol for three hours gave 
fairly good y ie lds (60-85%) of analytically pure complexes 
of the type [LnL^(N03) ][ NO^ J^ (Ln = Ce(III) , Pr(III) , 
Nd(III) , Gd(III) , Tb( in) or Dy(III); L = Schiff-base hexaaza-
macrocyclic ligand derived from condensation of benzil and 
diethylenetriamine). The experimentally obtained analytical 
data are in good agreement, with the proposed molecular 
formulae of the complexes. The molar conductivity 
me asurements of 0.001 M solutions were made in dimethyl-
-1 2 
formamide (DMF) at room temperature (140-180 ohm cm 
mol~ ) indicating that complexes are 1:2 electrolytes 
in th i s solvent, thus confirming the proposed formulae for 
the complexes. It appears that one nitrate ion must be 
coordinated to the metal ion, at least in DMF, and so most 
l ikely in the solid s ta te . The analytical and conductivity 
data are presented in Table IV. 4. 
All these lanthanide nitrate complexes exhibited 
high thermal stabil i ty indicated by the thermogravimetric 
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H2N(CH2)/JH(CH2)2NH2 (C6"5>2<^°>2 
Dietfa y lenetriamine 
(0.02 mol) 
Benzil 
(0 .02 mol) 
MeOH 
(Reflux) (0 .01 mol) 
2Na 
(Ln(II I ) = Ce, P r , Nd, Gd, Tb or Dy) 
SCHEME IV. 1 
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analyses and similar diagrams were obtained for all the 
complexes due to the i r similar structures. The TGA curves 
do not show stages upto 350°C, therefore, it is obvious that 
the complexes do not contain small molecules such as water 
or methanol. The conplexes do not show clearly specific 
melting points , but instead decompose in the temperature 
range S l ^ - i O ^ C 
The H n. m . r . spectra of the complexes were run 
in DMSO-d, , but did not yield any useful information. It is 6 
l ikely that the complexes do not survive on dissolution in 
DMSO, probably due to the solvent which extracts the 
lanthanide ions from the macrocyclic ligand L followed by 
the ligand breakdown. But the H n .m. r . spectrum of the 
free macrocyclic ligand recorded in deuterated dichloromsthane 
(discussed in Chapter V.l) provided useful information for 
the formation of th i s macrocycle. 
The important relevant i . r . bands of the complexes 
are given in Table IV. 5- The important feature of the i . r . 
spectra of all the complexes is the absence of carbonyl and 
primary amine bands due to the benzil and diethylenetriamine, 
respect ively . However, the display of an imine band (l/c=N) 
at about 1613 cm is indicative of occurrence of condensation 
Taction between benzil and diethylenetriamine resulting in 
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cyclization to form the hexaaza-macrocyclic complexes. 
The appearance of a band at 3280 cm in the i . r , spectra 
of the complexes is assigned to V(N-H) of secondary amine. 
The bands appearing at the positions l ike 3042, 1602, 1580, 
1460, 752 and 692 cm are due to the monosubstituted 
aromatic r ings. All other fundamental bands l ike l / c -C , l/c-H 
and "i/c-N appeared at their proper positions. 
IR provides a reasonable information about the 
bonding mode of nitrate ions. The free nitrate ion possesses 
a high symmetry (I^OL) ^^^ i ts i .r* spectrum consists of 
three absorption bands at about 1390, 830 and 720 cm . When 
a nitrate ion becomes coordinated in monodentate, bindentate 
or bridging form, i ts symmetry is reduced to only C^  , 
^ 2 V 
causing the degeneracies to spl i t and al l modes to be i . r . 
act ive. Therefore, the ionic and coordinated nitrate groups 
become distinguishable . The i . r . spectra of all the 
complexes exhibited the two most intense nitrate absorptions 
associated with the asymmetric stretch at about 1445 (v.^ 
5' 
and 12 93 cm (v^) clearly indicating the presence of 
coordinated nitrate groups. It is generally difficult to 
distinguish between mono-and bidentate behaviour of chelating 
nitrate groups but the separation ( A l / ) of the nitrate 
stretching fundamentals has been used to distinguish between 
the degree of covalence of the nitrate coordination ^^^ ' ' \ The 
I l l 
magnitude of th is separation of about 150-160 cm may be 
indicative of an interaction of the oxygen atoms of the 
nitrates with the lanthanide ions, suggesting a bidentate 
bonding . The presence of i . r . spectral bands exhibited 
by the complexes at about 1385 and 852 cm are consistent 
(299) 
with the presence of also ionic nitrate groups . All these 
consistent data , therefore, confirm strongly the proposed 
3 
molecular structure of the complexes as [LnL (N02)][N0^] . 
The observed magnetic moment u rf(viS) values 
(Table IV. 5) of the complexes indicate the presence of 
unpaired 4f electrons- Since these electrons are well shielded 
by the 5s 5p octet, both in the i r spin and orbital motion, 
the magnetic moment of a complex should indicate viiiether 
they take part in bond formation or not. In the present case, 
the observed magnetic moments show a l i t t l e deviation from 
the theoretical values for the t r iposi t ive lanthanide ionP^^^ 
and those reported , therefore suggesting tha t 4f electrons 
do not part ic ipate in bond formation in these complexes. 
pH metric studies 
The free macrocyclic ligand L (here designated 
3 
as L H^) is considered a dibasic acid, i . e . , two dissociable 
112 
protons are present on secondary amino -n i t rogens . 0.005 M 
3 
solution of the ligand (L H-) was t i t ra ted agains standard 
CO -free NaOH (0-920 M) and KOH solution (0.921 M), the 
dissociation of the two protons was observed according to 
the following equilibrium s teps . 
L'^H^ ^ ^ ^ [L'^H ] + H . . . step (i) 
PK" 
[L^H]" ^ ^ [L^]^" + H"" . . . step (ii) 
The highest "n. (proton-ligand formation number) 
value reached nearly to 2 at ionic strengths equal to 0.1 
M NaClO^ and KCIO., thus indicative of two step dissociation 
process (as indicated by steps i and i i ) . The first proton 
being acidic is released in the pH range of 2,5 - 3.6 
(pK^ = 2.79 - 3.71) and the second proton is released at 
higher pH range 9.8 to 10.9 (pK^ = 10.08 - 11.24). In the 
u 
KCIO, medium the proton-ligand s tabi l i ty constants, pK 
values were slightly decreased indicating tha t the protons 
were released faster in th i s medium than in NaClO^ medium. 
It is probably due to bigger ionic size of K ions which 
are easi ly accepted by the 18-membered macrocyclic ligand 
under s tudy. The ligand-metal formation number n values did 
not exceed 1.21 which indicates the formation of 1:1 
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complexes of the present macrocyclic ligand with trivalent 
lanthanide chlorides of cerium, praseodymium, neodymium, 
samarium, gadolinium, terbium, dysprosium and holmium. The 
pointwise calculated metal-ligand stabil i ty constant values 
at pH 2.5-3.5 were found to be 8.40-9.10 in NaClO^ medium 
( u = 0.1 M NaClO^ ) and 8.31-8.87 in KCIO^ medium 
( u = 0*1 M KCIO. )• The decrease of logK values in latter 
case reveals the interference of pottasium ions in complexation 
due to the i r larger ionic size as compared to that of sodium 
ions. The highest value of logK in both the media was 
observed at pH 2.8-3.2 indicating the maximum ligand-metal 
association (1:1 ratio) in th i s pH range. The stabil i ty 
constants decreased with the increase in pH. The calculated 
n values were obtained upto pH = 6*8» because above this 
pH the ra re-ear th ions got hydrolysed. The metal-ligand 
stabil i ty constant (logK) values increased in order from 
Ce(III) to Ho(III) indicating that the heavier lanthanide ions 
are effectively complexed with th is 18-membered ring 
macrocycle, probably due to their decreasing ionic radi i in 
the same order , hence indicating the electrostatic interaction 
between ligand and lanthanide ions because smaller the ionic 
s ize, greater is the electrostatic force of attraction. The 
Gibb' s free-enery change (-^G) were also calculated reaching 
the values from 46.509 to 49.931 kJ mol '^. 
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CONCLUDING REMARKS 
On t h e b a s i s of these i n v e s t i g a t i o n s , t h e following 
conclusions have been drawn. Since each p h o s p h a t e group 
on p h y t i c ac id b e h a v e s as ind iv idua l e n t i t y , i t a c t s as a 
p s e u d o - d i p r o t i c ac id on t i t r a t ion against t he s t anda rd sodium 
h y d r o x i d e . The r e s u l t s a r e ind ica t ive of e igh t pro tons being 
t i t r a b l e in pH range 1 • 2 - 4 . 9 , next two pro tons in pH 5.0-8.15 
and the l a s t two pro tons are r e l ea sed in pH 8 .3-11.0 range . 
T r iva l en t l a n t h a n i d e ions undergo weak complexat ion with 
p h y t i c ac id and t h e s t a b i l i t y dec reases as t h e pH increases 
because of t h e increas ing sodium or potassium ion 
concentra t ion in t h e solut ion. It i s qui te e v i d e n t t h a t phy t i c 
ac id p r e f e r a b l y b inds with sodium or potass ium ions because 
a l k e l i - m e t a l ions have su i t ab le s ize t ha t s t a b i l i z e cer ta in 
conformations of p h y t a t e in the so lu t ion . In t h i s case the 
sodium and potass ium ions compete with proton for the 
coord ina t ion s i t e s . The solution s tudy of p h y t i c ac id (or 
p h y t a t e ) needs effect ive efforts to p e r c e i v e i t s biological 
functions, i t may indeed have a messenger functioning a b i l i t y 
towards var ious hormones and neu ro t r ansmi t t e r s , and in i t i a t e 
or c a t a l y s e a s igna l system which inc ludes the mobil izat ion 
of ca lc ium. The lanthanides were chosen to in t e rac t with 
p h y t i c - a c i d and the 18-membered r ing hexaaza-macrocycle 
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3 (L ) in a view to explore the i r complexing abi l i t ies with 
3 
varied coordination numbers. The ligand L has potential 
six coordinating sites but even then the lanthanide ions could 
bind to a nitrate group in each complex. The number of 
nitrate groups coordinating to the lanthanide ion did not reach 
to two or three due to the steric hindrance of the bulky 
3 
macrocyclic ligand L . Though the syntheses of the complexes 
were performed via template reactions, the free macrocycle 
was used in i t s solution studies with t r ivalent lanthanide 
chlor ides revealing that the ligand behaves as a dibasic acid 
(or d iprot ic ac id ) . The first proton being acidic is released 
in 2.5-3.6 pH range, second proton i s very weakly acidic 
released in 9.8-10.9 pH range and i t forms 1:1 complexes 
with t r ivalent lanthanide ions in both NaClO. and KCIO 
4 4 
media at respective ionic strength of 0.1 M, The complexes 
are total ly electrostatic in nature as revealed by a plot of 
logK values versus decreasing ionic rad i i of the lanthanide 
ions from Ce(III) to Ho (III) . 
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The syntheses and characterization of three novel 
3 4 5 
macrocyclic ligands L , L and L is descr ibed. Cooper(II) 
3 4 
complexes of L and L "have been synthesized and characte-
r i zed . Copper ( I I ) , n ickel (n) and cobalt(II) complexes of 
L have been successfully isolated and studied by various 
physico-chemical methods. 
EXPERIMENTAL 
Diethylenetriamine, d ie thyl oxalate and benzil (BDH), 
g l y c i n e , NaOH, 1,2-diaminobenzene, hydra ted cupric 
ch lor ide , nickel chloride and cobalt chloride (E. Merck) 
were used as received. All solvents were d is t i l led and dried 
before use by conventional methods- The X-band e . p . r . 
spectra of the powdered samples were recorded on a Varian 
E-112 spectrometer at room temperature, calibrated with 
d iphenylpicrylhydrazyi (dpph; g = 2.0037). The H n .m.r . 
spectra of the ligands were obtained on a Jeol-100 X 
spectrometer and a Varian A60D instrument with SiMe. as 
reference. The i . r . spectra were recorded as Nujol mulls 
on a Carl-Zeiss Specord M80 spectrophotometer, while the 
electronic spectra were measured on a Pye-Unicam 88 00 
(Phi l ips , Holland) UV-vis spectrophotometer and a Shimadzu 
UV-vis recording spectrophotometer Model 60 at room 
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temperature. Microanalysis were obtained on a Carlo-Erba 
Analyser Model 1106. Magnetic susceptibil i t ies were determined 
at 20°C using a Faraday balance calibrated with Hg[Co(NCS) ] . 
Molar conductivities were recorded with a Systronic bridge 
and a Digisun electronic conductivity bridge at room 
temperature. Chloride was estimated gravimetrically as AgCl. 
Cyclic voltamrDograms were recorded • using an EG & GPAR 
Model 174XY recording system with platinum electrode versus 
saturated calomel electrode using tetrabutylammonium perchlorate 
as supporting electrolyte in DMSO. Molecular weights of all 
the ligands were determined cryoscopically. The analyses 
of metal ions was obtained from a Schimadzu AA-6A0 Atomic 
Absorption/Flame Emission spectrophotometer. 
3 4 
Synthesis of the macTocyclic ligands L and L 
These were prepared by the dropwise addition of 
3 
methanolic solution (30 cm ) of diethylenetriamine (0.1 mol) 
3 
or a methanolic solution (30 cm ) of 1,2-diaminobenzene (0.1 
3 
mol) to about 0.1 mol benzil dissolved in 40 cm m e t h a n o l , 
respect ive ly . Each mixture was refluxed and stin-ed at 100°C 
for 6 hours , then cooled to room temperature and 
acidified with hydrochloric acid (pH-^-l). On keeping the 
contents overnight at 10°C, needle shaped white crystals 
settled at the bottom which were filtered and dried in vacuo. 
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Synthesis of [CnL^Cl-] 
0.01 mol of hydrated cupric chloride dissolved in 
3 
20 cm methanol was mixed slowly with a hot methanolic 
3 3 
solution (20 cm ) of L (0.01 mol). The mixture was refluxed 
along with s t i r r ing at 80°C for 4 hours , and concentrated 
to half the volume. It was cooled at 10°C for about 12 hours 
which afforded amorphous light green sol id . It was f i l tered, 
washed thr ice with methanol and dried in vacuo. 
4 
Synthesis of [CuL d - ] 
3 
A mixture of methanolic solutions (40 cm ) of CuCl^. 
4 
2H 0 (0.01 mol) and L (0.01 mol) was refluxed and st irred 
for 2 hours . In the process of decreasing the volume of the 
solution a light green precipi tate started depositing which 
yielded a fair product on cooling at 10°C along with shaking. 
The solid thus obtained was f i l tered, washed twice with 
methanol and dried in vacuo. 
Synthesis of Oxanude-N,N'-diacetic acid (H.L) 
(149) It was synthesized following the reported method 
3 
A 20 mmol amount of glycine dissolved in about 25 cm of water 
was neutralized with equivalent NaOH, and 10 mmol of diethyl 
3 
oxalate in 2 5 cm of ethanol was added to the aqueous 
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solu t ion . After t h e mix ture was heated a t 60°C with s t i r r i n g , 
an excess of HCl (pH - ^ 1) was added for p r e c i p i t a t i o n of 
white c r y s t a l s of the free ligand H^L. The p roduc t was f i l t e red 
off, washed wi th cold wate r , e thanol and e t h e r , and a i r 
d r i e d . It gave a sa t i s fac to ry a n a l y s i s , (%) Found: C = 18.62; 
H = 5 . 2 1 ; N = 7.28 for Calcula ted: C = 18 .39; H = 5,15; 
N = 7 .15 . 
5 
Synthesis of the nacrocyc l i c l igand L 
To a r e f luxed solution of 0.01 mol of H.L taken in 
3 3 
e thanol (50 cm ) , an e thanol ic solution (10 cm ) of d i e t h y l e n e -
t r iamine (0 .02 mol ) was added dropwise and ref luxing was 
continued for 12 h o u r s . This mixture was cooled for 5 minutes 
in an i ce ba th and ac id i f ied by HCl ( '>-pH 1) which r e su l t ed 
in a whi te c r y s t a l l i n e s o l i d . This p r e c i p i t a t e was s t i r r e d 
for 3 h o u r s and then isola ted by f i l t e r a t i o n , washed and 
r e c r y s t a l i z e d from absolu te alcohol and d r i e d in vacuo. 
5 
Synthesis of the complexes [M^L Cl^] 
A d r o p w i s e addi t ion of methanolic solution of 
MCl^.x H^O (0.002 mol ) , (M = C u ( n ) , N i ( I I ) , Co(II ) ) was 
maintained to 150 cm of absolute methanolic solution of L^ 
(0,001 m o l ) , some p a r t of the ligand L^ remains as suspensions 
120 
which -x-ere dissolved by acidifying the solution by HCl 
(/^ ^pH I ) . This mixture was refluxed and s t i r red for about 
13 hours r e s u l t i n g in the isolation of coloured 
precipi ta tes wh i ch were f i l tered, washed with methanol and 
dried in vacuo. 
RESULTS AND DISCUSSION 
3 4 
The ligands L and L (Scheme V.l) were prepared 
from the reactions of diethylenetriamine or 1,2-diaminoben-
zene with benzil in methanol at 100°C, respect ive ly . These 
are needle shaped c rys ta l s , recrystalized from methanol, 
soluble in most of the solvents and sensitive to a i r and 
moisture. The experimentally determined molecular weights 
and the elemental analyses (Table V.l) are in good agreement 
3 
with the i r composition. The i . r . spectrum of L exhibited a 
band at 32 90 cm assigned to V(N-H). The disapoearance 
of absorption bands corresponding to \}(C= 0) of benzil and 
another corresponding to -H) of primary amine of 
diethyler.etriamine is indicative of the formation of the 
macrocyclic ligand through a Schiff-base reaction. The other 
stretching frequencies pertaining to C-H, C=N, C~C appeared 
1 3 
at their proper positions- The H n ,m. r . spec t r urn o f L 
r e c o r d e d in d e u t e r a t e d d i c h l o r o m e t h a n e showed a broad 
s 1 gna 1 ^ t ^ 4 . 6 d ue to the NH p r o t o n . However, o t h e r 
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MeOH 
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two t r i p l e t s appeared at about 6 3.4 due to CH- protons while 
the signal observed at b7 .3 is assigned to phenyl protons. 
4 
The recorded i . r . spectrum of L showed the abolish-
ment of the y"(C=0) of benzil and l/(N *H) of 1,2-diaminoben-
4 
zene confirming the formation of the ligand L • The s p e c t r a 
also exhib i ted well defined bands at 3100, 1600 and 745 cm" 
assigned to o-substituted phenyl groups and 1550, 1495 and 
692 cm bands assinable to monosubstituted phenyls . Its 
H n . m . r . spectrum also recorded in deuterated dichlorome-
thane exhibi ted a significant signal (multiplet) at 6 7.4 
assignable to the C.Hj. protons. 
3 4 
The ligands L and L react efficiently with Cu(II) 
ion giving stable solid compounds. The analytical data (Table 
V. 1) are consistent with the formulation of the complexes. 
They are soluble in coordinating solvents, dichloromethane 
and par t ia l ly soluble in hot methanol. The molar conductances 
of 0.001 M solutions of the complexes measured in nitro-
-1 2 -1 
methane (20-25 ohm cm mol ) affirm their non-electro-
(2 53) 3 
lyt ic nature suggesting the formulae as [CuL CI-] and 
4 [CuL CI -1 . The i . r . spectra of both the complexes resemble 
that of the ligands except that the V(C=N) appeared at lower 
wave number suggesting the coordination of the nitrogens to 
the Cu(II) ion. Moreover, sharp distinct bands observed at 
320 cm and 430 cm"^ assigned to )/(Cu-Cl) and ^/(Cu-N), 
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respec t ive ly , which were absent previously in the i . r . 
spectra of the l igands. 
3 4 
The electronic spectra of [CuL CI.] and [CuL CI-] 
taken in dichloromethane and DMSO ^ respec t ive ly , showed a 
broad band in 820-850 nm range which is character is t ic of 
2 2 9 
the E — > T- transition of the d system of Cu(II) ion in 
g 2g 
an octahedral geometry. The observed u „ value is 1.70 uB 
corresponding approximately to one unpaired spin of the 
Cu(II) ion. In addition the e . p . r . spectra of the powdered 
3 4 
samples of [CuL CU ] and [CuL CI-] reflected signals corres-
ponding to g.. = 2.26 and g. = 2,08 of which g y g. . This 
9 
avers that d 2 2 is the ground state with the d configura-
X - y ^ 
tion of the Cu(II) ion^^^^\ 
Electrochemical Studies : The electrochemical oxidation and 
3 
reduction potentials of the compound [CuL Cl^ ] have been 
recorded in DMSO using platinum electrode versus SCE at 
room temperature at scan rates of 0.05 and 0.1 V s"^. The 
voltammogram of the complex contained ^cathodic waves at 
-0,55 and -0.75 V and one anodic wave at -0.38 V (F ig .V. l ) . 
It is clear that the cathodic wave at -0.55 V and the anodic 
wave at -0.38 V form a revers ible redox couple with similar 
peak height ra t ios . This observation i s indicative of one 
electron electrochemical redox behaviour of which the 
125 
0.8 0,4 0 - 0 . 4 
E/V v s . SCE 
•0.8 
Fig V . l : Cycl ic voltammogram of [CuL CI . ] in DMSO. Bu.NClO, 
2 4 4 
as suppor t ing e l e c t r o l y t e . Scan r a t e s 0.05 V s" ( ) 
a n d 0 .1 V s •^  ( ) 
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midpoint between the two peaks gives electrode potential 
of about -0.48 V. This corresponds to the process as 
Cu(II) ^=^ Cu(I) . However, the observed cathodic peak at 
-0.75 \/ is the i r revers ib le one —electron reduction s tep, 
Cu(I) —> Cu(0). It has been found that the normalized cathodic 
current at -0.55 V augments relat ively to that peak at 
-0.75 V. This i s possibly e i ther due to the inhibition of 
the step Cu(I) —^Cu(O) as the scan rate is enhanced from 
0.05 to 0.1 V s , or due to the occurrence of a chemical 
step which scavenges Cu(I) before i ts reduction. Therefore, 
i t seems improper that both Cu(II) and Cu{I) are involved 
(302) in the electrode reduction . On th is basis the electro-
chemical pathway is represented as follows : 
E^,-0.48 V - -0,75 V 
[CuL^Cl2] ^ Z = = ^ [CuL CI] + e" > [CuL"^] 
These resul ts emphasize that the Cu(II) ^=^ Cu(I) 
process is stabil ized by the macrocyclic ligand L , the 18 
membered macrocycle which is capable of encapsulating the 
large sized copper (I) ion. This is inevitably an inestimable 
evidence for the stabilization of a low valent metal ion by 
such big macrocyclic cavi ty . It is to be mentioned that the 
4 
votammogram of [ CuL CI-] appeared with no peaks-
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The analytical data (Table V.l) are in an excellent 
harmony with the proposed composition of the free 
5 5 
macrocycle L and i ts complexes [ML Cl^l (M = Cu(II) , Ni(Il) 
and coba l t ( I I ) ) . The free double-ring octaaza macrocyclic 
5 
ligand L was isolated as a crystalline product which is 
sensit ive to a i r and moisture while i ts binuclear complexes 
are amorphous and insensitive to these conditions. On t h e 
other hand, the ligand is par t ia l ly soluble in hot methanol 
and highly soluble in water due to ionizible amide protons 
whereas the complexes are showing water insolubility but 
soluble in warm DMSO and DMF. In order to prevent the 
protonation of amide nitrogens, complexes were prepared 
in non-aqueous conditions. The molar conductivity values 
of 0.001 M solutions of the complexes measured in DMSO at 
-1 2 -1 
room temperature (10-15 ohm cm mol ) do not reach the 
values for 1:1 electrolytes and thus emphasizing their non-
(253) 
electrolytic character . The experimentally determined 
5 
molecular weight of L commensurates the calculated value. 
Scheme V. 2 represents the formation of th i s double-ring 
octaaza-macrocycle and i ts complexes with divalent copper, 
nickel and cobal t . 
The important i . r . bands of the free macrocyclic 
5 ligand L and i ts complexes are tabulated in Table V.2. 
The most important feature of i . r . spectrum of L i s the 
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absence of l/(0-H) (3500 cm ) and appearance of a prominent 
band at 1690 cm assignable to V(*^=N) • This confirms the 
formation of the macrocyclic ligand through the expected 
Schiff-base reaction from one side and the formation of amide 
by the reaction of acid moiety with primary amine on the 
other s ide . Another worth mentioning band is observed at 
3280 cm" a t t r ibutable to N-H stretching mode. The l / (C-H) , 
V(C-N) and y(C=0) are exhibited in the i . r . spectrum of 
L^ as well-defined bands at 2970 cm , 1385 cm ' and 1640 cm , 
r e spec t ive ly . The C-C stretching frequency appeared at i ts 
proper posit ion. The i . r . spectra of the homobinuclear 
5 
complexes resemble that of L but the C=N and N-H stretching 
frequencies are shifted to lower wave number to about 50 cm 
and 90 cm , respect ive ly , suggesting the coordination of 
nitrogen atoms to the central metal ion. In the far i . r . 
spectra , the complexes exhibit sharp peaks in the region 
310-350 cm which are certainly associated with V(M-Cl). 
The l/(M-N) appears as a distinct absorption band in 430-
470 cm range- However, the H n .m.r . spectrum of the 
5 
ligand L recorded in DMSO-d, shows three t r ip le t s at about 
O 3.4 a t t r ibuted to three types of CH- p r o t o n s , and one 
broad signal at o 4 . 7 due to NH protons. 
5 
The electronic spectral bands of L and i ts complexes 
m 
easured in DMSO and their observed magnetic moment values 
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are l is ted in Table V.3« The electronic spectrum of the 
5 
ligand L shows only one band in the UV range at 28,800 
-1 * 
cm due to n-^7^ transitions of the free C=0 groups. The 
electronic spectrum of copper (II) complex is different 
showing several bands at 28,700 cm , 31,580 and 11 ,6 55 cm 
+ 
assigned definitely to n-^fT transition of C=0 groups, L—>M 
2 2 
charge transfer and E —> T- d-d transit ion, respect ive ly . 
The magnetic moment value determined (1.92 uB) i s l i t t le 
higher than that of calculated value, which may be due to 
the ferromagnetic interaction. This is in accordance with 
(254) 
the typical well known octahedral complexes of Cu(II) ion 
In case of the cobalt(II) complex, the n->7( transition 
and L—>M charge transfer bands are observed at 28,715 and 
31,600 cm , respect ively . Three d-d bands appear at 9,080, 
19,700 and 21,060 cm assignable to the transit ions from 
4 
T. (F) ground state to the three spin-allowed excited states 
(Table V. 3 ) . The high magnetic moment value is observed 
(4.93 uB) due to ferromagnetic phenomenon and the orbital 
4 
moment ar is ing from T^  (F) ground state term. All these 
data suggest the octahedral spin-free state of the Co (II) 
T (254) 
complex 
The electronic spectrum of the nickel(II) complex 
[ Ni-L Cl^] i s noteworthy because of the absence of a 
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shou lde r on t h e middle band in t h e v i s i b l e region (14500 
c m " ^ ^A, (F) — > ^ T , ( F ) ) . I t ha s been e s t ab l i shed^^^^^^ t h a t 
2g Ig 
in n icke l ( I I ) complexes if the s p l i t t i n g of t h e midd le band 
i s o b s e r v e d , i t means t h e r e i s a s p i n - o r b i t coupl ing a r i s i ng 
3 1 
from the mixing of the T. (F) and E s t a t e s . Since in the 
^g 6 
p r e s e n t case t h e s p l i t t i n g of t h i s band i s not o b s e r v e d , 
t h e s p i n - o r b i t a l coupling is excluded and does not con t r ibu te 
to t h e magnetic moment va lue . Desp i te t h i s , t he 
e x p e r i m e n t a l l y de termined u ^^ value (3 .15 uB) i s h ighe r 
than the s p i n - o n l y moment value which i s e x p l i c i t l y because 
of fer romagnet ic in te rac t ions of t he two parar ragnet ic cen t res 
of t he b inuc l ea r complex. These o b s e r v a t i o n s t a l l y 
exce l l en t l y wi th those of t he s t andard o c t a h e d r a l Ni(II) 
(254) 5 
complexes . This behav iour of [Ni-L CI . ] un rave l s t he fact 
t h a t Ni(II) forms only diamagnetic s q u a r e p l a n a r complexes 
with t e t r a a z a - m a c r o c y c l i c l igands due to t h e s t rong- f ie ld 
amide-N atoms , Thus , we infer t h a t t h e l igand field 
5 
s t r eng th of L i s r e d u c e d , to some l i m i t , r e s u l t i n g in an 
o c t a h e d r a l complex of which the two Ni(II) ions act as 
paramagnet ic c e n t r e s with sp in - f r ee s t a t e . Other r e l e v a n t 
5 
bands o b s e r v e d in the e lec t ronic spect rum of [ Ni-L CI. ] a r e 
shown in Table V. 3 . On t h i s b a s i s , i t may be promulgated 
t h a t t he Cu(II) , Ni(II) and Co(II) complexes a r e paramagnetic 
in nature in sp in - f ree s ta te and e x h i b i t i n g ferromagnetic 
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interactions. Those appear to have an octahedral geometry-
rendered by the linkage of the two chloride ions. The 
5 
formulations of the macrocyclic ligand L and i ts b i n u c l e a r 
complexes are portrayed in scheme V.2. 
V. 2 A Stable Eight-Membered Ring : Interaction of 
Methylenebis (piperidinedithiocarbamate) L with 
Group IV Metal Tetrachlorides and Organotin 
Chlorides* 
U 
o-t""Vo 
(L^) 
MCI 
-^O 
a— M^ci 
K = S i , Ge, Sn , T i o r Zr 
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As extension of (our) studies on dithiocarbamates, 
herein an unprecedented example of the formation of eight-
membered ring complexes by the interaction of methylenebis-
(piperidinedithiocarbamate) with Group IV metal tetrachlorides 
and organotin(IV) chlorides is descr ibed, in which the Group 
IV metal acceptor achieves an octahedral environment with 
the two sulphur atoms locked in a cis-configuration. 
EXPERIMENTAL 
Piperidine (Fluka) , carbon disulphide (BDH), 
sodium hydroxide (Riedal) , SiCl. , GeCl., TiCl. and Z r C l . 
(BDH), Ph^SnCl^, Ph^SnCl (Koch light) and Ph Sn (Fluka) were 
used as rece ived . Dichloromethane and ethanol were dis t i l led 
and dr ied before use. Microanalyses of the compounds were 
performed on a Carlo Erba Analyser Model 1106. The i . r . 
spectra (200-4000 cm ) were recorded as Nujol mulls on 
a Specord M-80 Carl Ziess spectrophotometer. The H n . m . r . 
spectra were recorded in deuterated dichloromethane and 
DMSO-d, using SiMe. as an internal standard and operating 
at 24.99 MHz. Chlorine and tin were determined by the usual 
gravimetric methods and the ligand was prepared by the 
l i terature method 
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Synthesis of Sodium Piperidine Dithioczirbamate (I) 
Carbon disulphide (0.01 mol, 0.6 mL) was added 
to an ethanolic solutioon (20 mL) of piperidine (0.01 mol, 
1 mL) at ice-bath temperature (5-10°C). To th is mixture, 
NaOH (0.01 mol, 0.4 g) dissolved in the minimum quantity 
of water, was added. This solution was s t i r red for 4 hours 
yielding a white crystall ine compound which was f i l tered, 
washed and recrysta l l ized from absolute ethanol. 
Synthesis of Methylenebis{piperidinedlthiocarbamate) (L ) 
1.82 g (0.01 mol) of I was heated (40° C) under 
reflux (10 h) in methylenechloride (70 mL) to give a yellow 
solution and a small amount of colourless residue (NaCl). 
The NaCl was filtered off. A white solid compound was 
obtained after cooling the solution at 10°C for 3 hours and 
was crysta l l ized from a mixture of methylenechloride and 
n-hexane to yield colourless needle-shaped c rys ta l s . 
Syntheses of the Complexes of L 
Methylenebis(piperidinedithiocarbamat) L (0.01 mol, 
3.34 g) dissolved in n-hexane (20 mL) was added to an 
ethanolic solution of MCI. (M = Si, Ge, Sn, Ti or Zr), 
Ph^SnCl^, Ph3SnCl or Ph^Sn (0.01 mol). The mixt 
ure was 
137 
refluxed with s t i r r ing for 4 hours yielding amorphous white 
powders in all cases . The precipitates were f i l tered, washed 
with n-hexane and dried in vacuo. 
RESULTS AND DISCUSSION 
The analytical data (Table V.4) confirm the 
composition of the complexes. They are a i r - s tab le and soluble 
-3 
in DMSO, THF and DMF. Conductivity measurements of 10 M solu-
-1 2 -1 
tions of the complexes in DMF (20-35 ohm cm mol ) reveal 
/ p CO \ 
the i r non-electrolytic nature 
Recently, methylenebis(piperidinedithiocarbamate) 
has been synthesized and its structure confirmed by crysta l lo-
(303) graphic studies showing two free C=S groups available 
for coordination. Here this ligand was synthesized by 
refluxing the sodium salt of piperidine dithiocarbamate in 
dichloromethane, according to eq (1). 
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when th i s ligand was dissolved in n-hexane, added to the 
Group IV metal acceptor, and refluxed for a few hours, an 
amorphous powder settled after keeping the reaction mixture 
overnight. This reaction is represented in eq (2 ) . 
H 
5-£-^ L^^i^O-< ^ f-O - (2) 
cr c^i 
M = Si, Ge, Sn, Tl or Zr 
IR Spectra 
The i . r . spectra are the best method for providing 
sufficient information about the coordination of the sulphur 
atom to the metal by comparing the i . r . spectrum of the 
ligand with the spectra of the complexes. The i . r . spectrum 
of the ligand exhibited a very sharp peak at 1000 cm 
assigned to whereas the C-S stretching frequency 
appears at 910 cm . A distinct band was observed at 1300 cm 
assigned to -N. A prominent absorption band was observed 
at 1490 cm which lies between V^ C-N and 'l/c=N. This is 
indicative of the presence of a part ial C-N bond and, 
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therefore , is assigned to yC-N. In the i - r . spectra of the 
complexes, a shift to lower frequency has been observed 
in the 1/0=3, of about 50 cm , suggesting coordination of the 
terminal sulphur atom to the metal. This decreases the 
electron density at sulphur and, consequently, a decrease 
in the C=S stretching frequency is observed. The other bands 
corresponding to T / C - N , J /C-N and VC-S remain uneffected. 
New sharp absorption bands have been observed in the far 
i . r . region in the 390-350 cm range assignable to VM-S. 
The metal-chlorine stretching frequency appears as a distinct 
band in the 300-260 cm range. It is to be mentioned that 
the presence of shoulders on th is band is suggestive of a 
c is-octahedral configuration • The relevant i . r . bands 
are given in Table V.5. 
^H NMR Spectra 
The H n .m. r . spectra of the ligand and the 
complexes are identical- Spectrum of the ligand L exhibits 
signals at o 1.66 ppm, o4 .02 ppm and 0 5.30 ppm assignable 
(Fig. V.2) to CH protons (a) (at meta- and para-positions 
to N in p iper idy l r ings) , CH protons (b) (at ortho-positions 
to N in p iper idyl rings) and the CH protons (c) of methylene 
group, respect ive ly . Therefore, in the present ligand, there 
are three types of CH groups, and thus three corresponding 
142 
(LM 
Fig V.2 
signals are observed at different d (ppm) values. The 
•^H n .m . r . spectra of the complexes remain unaltered. 
On the basis of these data . it is unequivocally 
claimed that methylenebis(piperidinedithiocarbamate) acts 
as a chelate through i t s two terminal sulphur atoms leading 
to the formation of eight-membered ring Group IV metal 
complexes. 
CONCLUDING REMARKS 
The synthesis and characterization of the copper(n) 
3 4 
complexes of the ligands L and L was accomplished in a 
view to explore the effect of the macrocyclic hole size 
on 
the encapsulation of the metal ion. According to the available 
3 
data the ligand L coordinates to Cu(II) ion through i t s four 
imine nitrogens leaving the secondary NH groups free in the 
143 
complex. It was evidenced by the decrease of VC=N in the 
i . r . spectrum of the complex while the V(N"H) remained 
3 
unaltered. The electrochemical studies of [CuL CI-] have shown 
the stabil ization of Cu(I) species which is probably due to 
the ab i l i ty of th i s 18-raembered ring macrocycle to 
encapsulate the bigger low-valent copper(I) ion during 
electrochemical redox process . While on the other hand, the 
4 
Cu(II) complex of 12-membered macrocyclic ligand L did 
not exh ib i t any such redox process , the voltammogram was 
obtained without any significant peak. It indicates the smaller 
hole size of L can not stabil ize the bigger Cu(I) ion. The 
homo-binuclear complexes of Cu(II), Ni(II) and Co(II) with 
5 
the double-ring octaaza-macrocycle L were studied to examine 
the interaction of paramagnetic centres. The electronic spectra 
and the observed magnetic moment values of these complexes 
infer tha t though there i s no orbi tal contribution to the 
magnetic moment values, but the higher observed Veii-^f^^ 
values than the calculated spin-only value is the contribution 
of ferromagnetic interaction of two contiguous paramagnetic 
centres which lie in octahedral configurations by the 
coordination of chloride ions of the corresponding salts 
ini t ial ly used in the syntheses. The studies of complexes of me-
thylenebis(piperidinedithiocarbamate) L with Group IV tetrachlo-
r ides and organotin(IV) chlorides reveal the coordination of two 
terminal S atoms (C=S) to the metal forming eight-membered rings. 
Group IV metals achieve octahedral geometry with chlorines in 
cis-conformation. 
IgFBMBl 
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